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19. ABSTRACT (Continued).

"ind 40 ft deep was also dredged to join a 42-acre ship turning basin with a
6,500-ft-long barge channel. About 95 percent of the material dredged from
the bay cut and about 52 percent of the material from the land cut was clay
that readily formUd clay balls. The remaining channel material was primarily
sand with small amounts of shell and gravel.

fhe perimeter dike was constructed frol"an average elevation of about
-9 ft miw to about cl +7 ft mlw at the crest. The width of the dike varied
from 1,200 to 1,600 ft at the base. At el 0 ft mlw the dike width was from
300 to 600 ft. The average crest width of the dike was about 20 ft.

Creation of the disposal site required the construction of approximately
31,000 I lin ft of dike over some extremely soft cohesive soils. The foundation
soils werv det,.rmined to hive an undrained shear strength ranging from 50 to
100 psf. A minimum f,itor of safe'ty of 3.0 was determined from dike stability

based on a conventional rotational analysis. Based on conventional consolida-

tion analysis it was estimated that about 9 ft of settlement would occur at
the dike centerline. In the 2 years since construction, settlement at the dike
centerline has been measured to be almost I ft.

'The project required a thorough geotechnical investigation and numerous
dike stability analyses prior to construction. In addition, specific steps
were necessary to protect the environment. Because of the size and complexity
of the job, similar projects were visited prior to the start of construction.
These sites included the Craney Island disposal area in Norfolk, Virginia,
and the Houston Bay Disposal Island in Houston, Texas. The project required
828 days of continuous work to construct the retention dikes.

The dikes were constructed of a sand, silt, clay ball, and shell matrix
with slopes that varied from IV on 32H to IV on 61H. The dikes were constructed
by hydraulical'.y pumping and barge hauling dredged material over distances up
to 7 miles. A dust pan dredge was used to dredge the soft clayey bottom mate-
rial and deposit it within the dike perimeter. Verification of the design and
construction techniques were correlated with measured dredged material volumes,
material types. consistencies, retention rates, dike subsidence, and predicted
consolidation rates.
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( PREFACE

This report describes the design and construction techniques for the

Theodore Ship Channel new work dredging project at Theodore, Alabama.

This project was carried out for the US Army Engineer District, Mobile

A (MDO), by the US Army Engineer Waterways Experiment Station (WES), Vicksburg,

Mississippi, during the period of May 1980 to December 1983.

The research study described in this report was conceived and formulated

by Dr. J. Fowler of the Soil Mechanics Division (SMD) of the WES Geotechnical

Laboratory (GL) and the late Dr. T. A. Haliburton, Geotechnical Engineering

Consultant. In addition, Drs. Fowler and Haliburton performed general super-

vision and inspection of the research construction.

Specific onsite observation and inspection activities for the construc-

tion and research project were conducted by Mr. H. N. Blakeney, Geotechnical

Branch Chief, MDO, Mr. J. Tyson, Geotechnical Engineer, Mr. J. Patrick Langan,

Chief, MDO, Project Operations Branch, and Mr. P. Warren, Resident Engineer,

MDO. Mr. T. Love of Project Development Branch, MDO, was responsible for the

contractual details along with providing general guidance and assessment of

the work.

This report was written by Dr. Fowler under the general supervision of

Mr. G. B. Mitchell, Chief, Engineering Group, SMD, Mr. C. L. McAnear, Chief,

SMD, and Dr. W. F. Marcuson III, Chief, GL. Mr. H. N. Blakeney, MDO, and

Dr. M. L. Hayden, Assistant Professor, University of South Florida, Tampa,

Florida, assisted Dr. Fowler in the final preparation of the report.

District Engineer of the MDO during this period was COL Robert H.

Ryan, US Army Corps of Engineers (CE), and COL Patrick H. Kelly, CE.

COL Allen F. Grum, USA, was the previous Director of WES. COL Dwayne G.

Lee, CE, is the present Commander and Director. Dr. Robert W. Whalin is

Technical Director.

| :DTIC TAB [

I'J

~Unan.ou-,ced [

By.

ID-, ib. ti I



CONTENTS

Page

PREFACE.....................................

PART I: INTRODUCTION...................................4

Background....................................4
Purpose..................................11
Scope.................................11

PART II: STATEMENT OF PROBLEM.........................12

PART III: HISTORICAL AND LITERATURE REVIEW...................3

Introduction.................................13
Craney Island..............................13
Construction Experience by Others....................14

PART IV: DESIGN OF RETAINING DIKES.......................17

Introduction...................................17
Hydraulic Model Testing............... .............

Environmental Considerations.........................19
Gaillard Island Test Fill..........................23
Proposed Dike Design.............................25
Geology..................................25
Soil Description............................28
Subsurface Investigation...........................29
Proposed Shore Protection........................30

PART V: CONSTRUCTION OF CONTAINMENT DIKES ..................... 32

Introduction...................................32
Clearing and Grubbing............................32
Hydraulic Dredging Equipment.......................32
Discharge Barges..............................35
Hydraulic Dredge Construction Sequence and Placement
Techniques...................................3b

Problems Encountered by Contractor .................... 47

PART VI: ASSESSMENT AND CORRELATION OF SOIL DREDGING DATA FOR
DISPOSAL DIKE...............................51

Introduction.. ............................. 51
Dike Cross-Section an otu as.................51
Embankment Slopes After Barge Haul and Hydraulic Dredged

Material Placement. ......................... 59
Dredged Material Volume Removed from Theodore Ship'Channel. . . . 60

PART VII: DREDGED MATERIAL VOLUMES DETERMINED IN GAILLARD ISLAND
DIKE AND CONTAINMENT AREA ......................66

Retention of Dredged Material in the Dike and Containment Area. 72
Geotechnical Investigation ....................... 74
Change in Soil Characteristics from Channel to Dike. ....... 81
Embankment Slope Stability Analysis...................88
Embankment Protection............................93

PART VIII: CONCLUSIONS AND RECOMMENDATIONS................94

2



Page

REFERENCES ............. ............................... 96

TABLES 1-9

APPENDIX A: PHOTOGRAPHS OF CONSTRUCTION SEQUENCE AND TECHNIQUES. . . . Al

APPENDIX B: DATA BASE MANAGEMENT SYSTEM DATA ...... ............. BI

APPENDIX C: PERFORMANCE OF BARGE HAUL AND HYDRAULIC DREDGE
OPERATIONS .......... ........................ Cl

APPENDIX D: DIKE CROSS-SECTIONS ......... ................... DI

APPENDIX E: DIKE CONTOUR MAPS ........ ..................... . El

APPENDIX F: SETTLEMENT MONUMENT SUBSIDENCE VS TIME .... ......... Fl

APPENDIX G: LAND AND HYDROGRAPHIC SURVEY CROSS-SECTIONS . ........ Gl

3

AD



VFRIFICATION OF' DESIGN AND CONSIUCTION TECHNIQUES FOR

GAILLARD ISLAND DREDGED MATERIAL DISPOSAL AREA

MOBILE, ALABAMA

PART 1: INTRODUCTION

Background

1. The Port of Mobile is, one of the largest deep water ports in the

Nation and is Alabama's only seaport. Mobile was established at this location

in 1702 by the French because of Mobile Bay and the interconnecting rivers.

Mobile first served as the capital and a supply port for the early French Lou-

isiana Territory and has remained an important meetinoc point for the shipping

lanes of the world. Situated at the mouth of the Mobile River and at the head

of Mobile Bay, Mobile Harbor (Figure 1) Is connected to a protected waterway

that extends south to Florida and Mexico. The harbor is linked to northern

shipping centers by interconnecting rivers which include the Tennessee-

Tombigbee Waterway System. Mobile serves as a shipping port for cities in

Alabama, Mississippi, Georgia, Tennessee, and Kentucky.

2. The Mobile Bay is located in the southwestern part of Alabama on the

Gulf of Mexico. Mobile Bay is about 30 miles long from the north to the south

and about 8 miles wide at the north end and 20 miles wide at the south end.

The Bay encompasses about 400 square miles and is relatIvely shallow with

depths ranging from 8 to 10 ft. Tidal fluctuations in the bay vary from less

than I ft during tides to 2.5 ft during spring tides. Because of prevailing

winds and circulation patterns, tidal fluctuations in the bay are

unpredictable.

3. The original Federal project adopted by Congress in 1826 to improve

navigation in Mobile Bay has been modified to include a channel 42 ft deep,

600 ft wide and 1.5 miles long over the bar at the mouth of Mobile Bay; a

channel. 40 ft deep varying in width from 500 to 775 ft and extending 4.5 miles

upstream to the Cochran Bridge, and v-rious basins and feeder channels. The

total length of the Mobile Ship channel and river channels is about 42 miles.

4. The Theodore Industrial P'ark (Figure 2) is located about 2.5 miles

below the city limits of Mobile on the western shore of Mobile Bay. In 1943

the Federal Government dredged a 32 ft deep channel, 175 ft wide, for a

4
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distance of 4 miles from the Theodore dock facilities (formerly known as the

US Army Theodore Ammunition Depot) to the Mobile Bay ship channel, a distance

of about 4 miles. During World War II, the Theodore Channel was used to

transport munitions and explosives, but sii.ce the war commercial carriers have

utilized these facilities. The Theodore Channel has been renamed the Hol-

lingers Island Channel and is maintained to a depth of 11 ft by the State of

Alabama.

5. The Theodore Industrial Park and Ship Channel was conceived as part

of the overall development package along with the Tennessee-Tombigbee Waterway

and the Brookley Field Expansion Area. The Mobile Harbor was almost filled

and there was little room for industrial expansion (Figures 3 and 4). The

concern was that after completion of the Tennessee-Tombigbee Waterway indus-

trial expansion in the Mobile area would be curtailed without the Theodore

Industrial Park; therefore, planning for the Theodore Industrial Park began.

The Alabama State Docks and the city of Mobile acquired 1800 acres to form the

nucleus of the pirk. The State Docks dredged a 12-ft barge canal up the mid-

dle fork of the Deere River (Figure 5). In 1967 the Corps of Engineers, at

the request of the State Docks, widened and deepened the barge canal to accom-

modate deep draft ships.

6. The Theodore Ship Channel and Industrial Park is one of the largest

development projects in southern Mobile County, and is expected to have a sig-

nificant impact on the economy of the area. The project consisted of con-

structing a deep draft ship channel, 5.2 miles long, 400 ft wide, and 40 ft

deep, linking the Mobile Ship Channel with the Middle Fork Deere River shore-

line at Theodore, Alabama. An island ship channel about 1.9 miles long,

300 ft wide, and 40 ft deep, was constructed to join a 42-a re deep draft

turning basin with a barge canal. The canal channel is about 1.0 mile long,

100 ft wide and 12 ft deep, and extends through most of the Industrial Park.

An additional turning basin near the shoreline is planned for a later date.

The planned turning basin is expected to provide additional docking and berth-

ing space. As a result of this project a 1700-acre dredged material disposal

island, called Gaillard Island, was constructed in Mobile Bay. Based on cur-

rent projections the disposal area is expected to have a useful disposal life

of 50 years.

7. The creation of the Theodore Industrial Park and Ship Channel re-

quired the removal of approximately 31 million cubic yards of material. The

7
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magnitude of the project and the construction of Gaillard Island caused some

environmental concern. The concern was primarily whether the construction of

the disposal island would adversely affect the bay currents and result in an

increase in turbidity of the bay. The US Army Engineer Waterways Experiment

Station (WES) Hydraulics Laboratory was rcquested to conduct a study to in-

vestigate various designs for a disposal island and/or clusters of islands.

Based upon that detailed study, a single island design was selected which

would have a minimal effect on the bay currents. To monitor the environmental

impact of construction on the bay, the US Army Engineer District, Mobile, set

up biomonitoring stations to measure changes in such things as siltation,

salinity, water temperature, dissolved oxygen, and benthic activity.

Purpose

8. The purpose of this report is to describe the earth work design and

construction procedures used in the construction of Gaillard Island Dredged

Material Disposal Area, Mobile, Alabama.

Scope

9. The scope of the work was to observe the behavior of the dredged

materials used to construct the dikes in open water, to correlate the final

embankment slopes with different soil properties and classification, to ob-

serve retention rates of the various materials used to construct the dikes,

and to determine consolidation and displacement of the dike foundation. The

performance of various dredging techniques used in the construction of the

embankments is evaluated. Embankment stability, slope protection, and obser-

vations of the mud flow of fine-grained dredged materials are addressed.

Al



PART II: STATEMENT OF PROBLEM

10. A 1300-acre dredged material containment area (Gaillard Island) was

to be constructed in the Mobile Bay niear the Mobile District office. This

area is about 8 miles south of Mobile, Alabama, and 2 miles east of the west-

ern shoreline. The project required the construction of a retaining dike

approximately 6 miles long and from 8 to 10 ft in height. The dike was con-

structed using hydraulically placed new work dredged material. The dredged

material consisted of various combinations of sand, clay and clay balls.

11. Foundation soils in Mobile Bay consisted of a wide range of soil

types including very soft highly organic clays. The presence of these soft

organic clays caused conjecture during the planning and design phase whether

the necessary embankments could be constructed. This problem was compounded

by the fact that very little information was found in literature to aid in the

planning, design and construction of the project.

12. A number of dikc have been constructed by the Corps of Engi-

neers (CE) in the past using hydraulically placed dredged material; however,

little information was available for these projects. Most CE designs using

hydraulically constructed levees in the past have (1) been overdesigned,

(2) failed, and/or (3) resulted in construction delays causing large construc-

tion claims. This study was undertaken to answer the following questions con-

cerning hydraulically constructed dikes: (I) the retention rate of different

types of dredged materials pumped over varying distances, (2) the dike slopes,

both initial and final, that can be constructed with different soil types and

consistencies, (3) the magnitude of bottom displacement and consolidation

likely to occur with varying dike heights and foundation conditions, and

(4) the performance of various dredging equipment and dredged material place-

ment techniques.

13. An effort was made to correlate the material properties of the

dredged material (i.e. grain size, plasticity etc.) with shear strength param-

eters determined by standard penetration and vane shear testing soil strength.

It is believed the knowledge gained from this project could help predict the

behavior of dredged material and alleviate many of the environmental concerns.

A more economical and environmentally accepted dredged material disposal area

could result from this study.

12Lto



PART III: HISTORICAL AND LITERATURE REVIEW

Introduction

14. Few earth dikes have been successfully constructed below water on

soft foundation using new work dredged material that consists of approximately

50 percent sand and 50 percent silts and clays. Because of this fact a hy-

draulic model and environmental impact study was made and evaluated prior to

design and construction. There was considerable concern during the planning

and design as to whether an embankment could be successfully constructed with-

out large foundation displacements. A large displacement of the foundation

could block the Mobile Ship Channel and cause excessive turbidity and mud

flows during construction. Several large embankments, such as the Fort Peck

Dam in Montana, Franklin Falls Dam in Massachusetts, and Sardis Dam in Missis-

sippi, have been successfully designed and constructed by the Corps of Engi-

neers by using large volumes of fine-grained dredged material.

Craney Island

15. Prior to the design of the Gaillard Island Disposal Area, personnel

of the Mobile District visited several Corps of Engineers Districts which had

experience in constructing dredged fill embankments on soft foundation soil.

One of the sites visited was the Craney Island dredged material disposal area,

located at Norfolk, Virginia. This disposal area was constructed in the mid-

1950's and is similar to that proposed for Gaillard Island Disposal Area.

Craney Island is a 2500-acre disposal area encompassed by a 6-mile perimeter

dike. The dike was constructed by depositing select borrow material in water

about 10 ft deep. Dike construction was interrupted on several occasions be-

cause large mud waves formed during dredged material placement along the dike

alignment preventing the spill barge from discharging dredged material in the

proper location. A dredge was used to remove these mud waves and allow con-

struction to continue. One of the most difficult tasks during construction

was joining the perimeter dikes together near the end of construction. Tidal

fluctuations interfered with the final linkage for several days. Once the

dredged material was placed along the dike alignment, draglines were used to

construct a riprap protected sand fill levee and roadway around the

13
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containment area. A typical cross section of the main levee after construc-

tion of the Craney Island Disposal Area is shown in Figure 6.

16. The Craney Island Disposal Area was originally designed to contain

dredged material from the Hampton Roads area. The design was an economical

alternative to transporting and ocean dumping the dredged material. The pe-

rimeter dikes have been constructed to about el 20 ft msl of dredge material

within the containment area has been raised to an average elevation of 15 ft

msl. To allow for improved management and storage capacity for dredged mate-

rial, the dikes will be raised to about el 30 ft msl with the site being sub-

divided into three 800-acre containment areas.

Construction Experience by Others

17. Mobile District personnel visited several flood control levees in

the New Orleans and Galveston area that were successfully constructed above

water. Small toe dikes were used to contain the dredged material during con-

struction. The new work dredged material used to construct the dikes con-

tained varying amounts of sand and clay. Dike subsidence caused by lateral

spreading and consolidation of peat and the very soft foundation soils have

caused problems with this type of construction in the New Orleans area. After

the embankments were allowed to settle, the side slopes were reshaped and the

crest heights raised. Dike construction using clay balls (balls formed when

large clay cuttings roll along the dredge pipe and developed into various

sizes and shapes) have been successful in these areas. Clay balls can be

stacked on very steep slopes with the voids between the clay balls filled with

sand, silt, and clay. This construction technique forms a strong clay matrix

immediately which is capable of supporting the light-weight equipment neces-

sary to reshape the dikes.

18. Construction experience by personnel of the Coastal Engineering

Research Center, Fort Belvoir, Virginia, indicated that several embankments

have been successfully constructed above and below water with new work dredged

material, but no information was available concerning the design and construc-

tion procedures used. Construction personnel indicated that if enough sand

was available and if clay balls would form and stay together without eroding

and/or abrading into small pieces, a dike could be constructed in water 8

to 10 ft deep with moderate current velocities.

14
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19. In an attempt to validate some of the proposed construction tech-

niques during the design phase, the Mobile District decided to construct a

test embankment along a section of the proposed dike alignment. An area was

chosen where foundation conditions and dredged material fill were considered

to be the "worst case". A description of the test embankment and results are

given later in this report.

16

I-I



PART IV: DESIGN OF RETAINING DIKES

Introduction

20. Authorization to construct and maintain an access channel for deep

draft ships and barge traffic into Theodore Industrial Park was provided in

October 1976 by Section 112 of the Water Resources Development Act of 1976

(PL 94-587). This plan called for modifications of the Federal project for

the Mobile Harbor, Alabama, to include (1) a channel branching from the Mobile

Ship Channel in Mobile Bay extending northwesterly to the western shore of Mo-

bile Bay and then inland by land cut, (2) an anchorage and turning area along

the channel at the bay shoreline, (3) a trapezoidal shaped ship turning basin

within the Theodore Industrial Park, and (4) a barge canal extending another

6500 ft inland. This work was authorized by the Board of Engineers for Rivers

and Harbors in May 1976 and approved by the Chief of Engineers in January 1977

to proceed with the Phase IT study and preconstruction planning which provided

the design criteria, construction methods, and cost for the proposed project.

21. Project location. Mobile Bay is located in the Gulf of Mexico

approximately 120 miles east of New Orleans, Louisiana. The Theodore Ship

Channel is located about midway between Mobile, Alabama, and the Gulf of Mex-

ico on the western bayshore as shown in Figure 7. The existing Mobile Ship

Channel is about 31 miles long, beginning at the bay entrance and terminating

at the lower reach of the Mobile River. Theodore Ship Channel extends in a

northwesterly direction from Mobile Ship Channel for about 5.3 miles to the

western shore of Mobile Bay. From the shoreline, it extends inland about

1.9 miles to a ship turning basin in Theodore Industrial Park. The ship chan-

nel, turning basin, and barge canal are shown in Figure 2.

22. Design of the Theodore Ship Channel dictated the use of many neces-

sary engineering disciplines and numerous design considerations before con-

struction could actually start. Hydraulic model testing, environmental moni-

toring, and geotechnical investigations were part of the broad areas of

consideration.

Hydraulic Model Testing

23. Hydraulic model testing was provided by the WES (TR H-75I13). A

17
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fixed-bed model of Mobile Bay was constructed, simulating an area of about

268 square miles. The model included the tributaries of the Tensaw and Mo-

bile Rivers and an area beyond Dauphin Island into the Gulf of Mexico of about

40 miles shown in Figure 7. The hydraulic model was equipped with the neces-

sary instrumentation to provide an accurate reproductior and measurement of

the tides, tidal currents, salination, fresh water inflows, density effects,

and other important prototype phenomena.

24. The purpose of the study was to determine the effects of the ship

channel and dredged material containment area on flow patterns that would

affect subsequent maintenance dredging and the oyster industry at the lower

end of Mobile Bay. Nine island configurations were considered for the dis-

posal island. The hydraulic model tests furnished to the Mobile District con-

tained a rating system which incorporated parameters such as navigation, eco-

nomics, environmental effects and esthetics. An analysis conducted by the

Mobile District, indicated that a triangular shaped island located west of the

Mobile Ship Channel and north of the proposed Theodore Ship Channel, as shown

in Figure 8, was the nost desirable.

Environmental Considerations

25. Prior to construction of Gaillard Island, an environmental impact

statement was provided by the Mobile District. The statement addressed the

environmental concerns associated with the construction of the project in

relation to the physical alteration of the Mobile Bay system, loss of natural

resources, and water quality consideration. A model was constructed by the

WES (TR H-75-13) to evaluate the effects of the Theodore Channel and Gail-

lard Island on circulation and salinity. From the model studies, it was

determined that an offshore island would minimize the concentration of exist-

ing salinity patterns in the Bay. Since construction of the dikes for the new

disposal island was to be accomplished using new work dredged material, the

Mobile District concluded, that construction aad operation of the project

would not cause significant long-term adverse effects on the quality of the

bay waters. It was further concluded that water quality would only be im-

paired briefly from suspended solids and turbidity during the construction and

stabilization period.

26. An environmental monitoring program was established to verify the
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hydraulic model predictions and to determine the environmental impact result-

ing from construction of the project. The monitoring program consisted of

baseline studies conduced from October 1977 to October 1978 to document exist-

ing conditions of the area. Monitoring for the project continued for about

three years following the baseline study which had included one full seasonal

cycle after the project was constructed.

27. Elements monitored in the program included turbidity, salinity,

temperature, dissolved oxygen, submerged grasses, macroinfauna and demersal

fauna. Dissolved oxygen was also monitored in the land cut section of the

channel. Turbidity and mud flows were checked periodically during construc-

tion. An environmental report is being prepared by the Mobile District.

Gaillard Island Test Fill

28. During the planning and design phase, the Mobile District decided

to construct a test fill along the proposed alignment. After careful examina-

tion of the boring logs and subsurface data, a decision was made to excavate

material from about sta 40+00 in the channel and to deposit this material at

about sta 90+00 along the dike alignment. Figure 9 shows the location of the

excavated area, the test fill section, and a profile plot of the surface ele-

vation data collected from June 1975 to March 1977. Earlier attempts to con-

struct a dike with a bucket dragline failed because of rapid subsidence. The

final section was constructed with a hydraulic dredge; the fill material con-

sisted of very soft bay bottom deposits and a considerable amount of oyster

shells that were subsequently mined by local oyster shell suppliers. The

locations chosen for the test fill and excavation sections were considered to

be "worst case" conditions. The test embankment was constructed to about

el 2 ft mlw; however, after a heavy windstorm and consolidation and spreading

of the soft dike and foundation material, the dike had settled about I ft dur-

ing the first month after construction and about 3 ft during the first year.

Two years after construction, the dike settled a total of 5 ft as a result of

settlement and erosion. The shell dredging occurred subsequent to this and

the entire fill was removed leaving a hole in the bay bottom. The conclusions

from this test were that an embankment could be constructed over the worst

probable foundation conditions using the worst probable fill materials. Even

though the embankment test section settled or eroded below mean low water, the
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embankment slopes before and at various times after construction were about

the same, indicating that a stable slope was somewhere between IV to 40H and

IV to 50H.

Proposed Dike Design

29. The initial design concept was to hydraulically place land-cut

dredged material along the peripheral rim of the proposed disposal area, to

about el+2 ft mlw as the first phase of construction. The material would then

be shaped to about el+4 ft mlw with draglines placed on the fill. It was

assumed that the embankment base width would vary from 1000 to 1200 ft with

side slopes varying from IV:30H to IV:50H. This small dike would serve to

retain the fine-grained material dredged from the bay bottom; in addition to

serving as the foundation for the planned dike raising in Phase Two. During

Phase Two the retaining dikes will be raised to el 10 ft mlw. Shown in Fig-

ure 8 is a plan view of the proposed dike design depicting the first and

second phase construction slopes and limits of the proposed shore protection.

As shown in Figure 8, a 500-ft-wide weir or gap was proposed to be left open

during dike construction and closed at the end of construction. A cross-

section of the proposed weir, dike, and shore protection is shown in Fig-

ures 8, 10, and 11, respectively.

Geology

30. The Theodore Ship Channel is located in the Pine Meadows subdivi-

sion of the East Gulf Coastal Plain Section. This region ranges in elevation

from sea level to about el+100 ft msl and is characterized by low rolling

hills developed on Pleistocene and Holocene terrace alluvial and beach depos-

its. These deposits overlie older Miocene and Pliocene beds which form the

high ground that flanks Mobile Bay to the east and west. The Holocene depos-

its are normally 20 ft thick except in Mobile Bay where they are 150 ft thick.

Lithologically, the Pleistocene and Holocene deposits consist of white, gray,

orange, and brown very fine to coarse-grained gravelly sands which are partly

carbonaceous. Very soft to firm clay beds also occur with these beds making

up a large portion of the material underlying the Mobile Bay. Dredged mate-

rial excavation occurred in these Pleistocene and Holocene deposits.
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31. Prior to construction, a geological and subsurface soil investiga-

tion was conducted by the Mobile District and is reported in reference 2.

Soil Description

32. The description of the soils to be removed from the Theodore Ship

Channel have been divided into two classificctions for discussion. These two

classifications are land-cut and bay-cut soils.

a. Land-cut soils. Material defined as land-cut soils may be sub-
divided into those from the barge channel extention and
those from the ship channel and turning basin.

(1) Barge channel extension. Soils from the barge channel
extension area will not be discussed in this report since
these were not used to construct the dikes. They were
dredged and placed in a nearby upland containment area.

(2) Ship channel and turning basin. Soils from the ship chan-

nel ranged from fat, highly plastic clays (CH) to poorly
graded sands (SP). The sands varied from very loose to
medium dense near the surface and generally increased in
density with depth. The clays were gray in color and
ranged from very soft to very very stiff. A generalized
profile of the soils (to the maximum dredged depth of
about el -44 ft mlw in the ship channel) consisted of
10 ft of silty or clayey sand (SM/SC) at the surface and

underlain by 10 to 25 ft of either a poorly graded silty
sand (SP-SM), or a soft fat clay (CH), or a combination of
both. Underlying these soils was generally a firm to a
very stiff fat clay (CH) which became stiffer with depth.
A few borings indicated the presence of a poorly graded
sand (SP) instead of the clay below about el -14 ft mlw.
The soils dredged from these areas were considered to be a
better construction material than those from the bay-cut
area, since they contained a greater amount of sand. The
sandy soils (SC, SM, SP-SM, SP) comprised approximately
48 percent of all material dredged from the ship channel
and turning basin area. The remaining 52 percent was pre-
dominantly a fat clay (CH) with small lens of low plastic-
ity clay (CL).

b. Bay-cut soils. The soils from the bay-cut area were predomi-
nantly fat, highly plastic clays (CH) with isolated pockets of
shells and fine sand. The percentage of sand in these clays
were generally less than that found in the land-cut clays. The
bay-cut clays were gray in color and varied in consistency from
soft to stiff. The clays were normally consolidated with a
high degree of sensitivity. Generally, the upper 4 to 6 ft of
material in this area was flocculated with a consistency of
"thick soup". Below this very soft material was a soft fat
clay (CH) which varied in thickness from 15 to 20 ft and
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contained pockets of sand and shells. The remaining soil ex-
tending down to the final cut excavation, was a medium to stiff
clay which became firmer with depth. Intermittent sand and
silt lens up to 2 ft thick were sandwiched in the clay (CH).
In an area near the shore of the turning basin, the presence of
sand was noted on some of the boring logs to a depth of several
feet.

Subsurface Investigation

33. An extensive exploratory soil boring program conducted for the

foundation design consisted of making 107 borings. Soil borings were located

from 500 to 1000 ft along the ship channel and dike alignment on 500 to

1000 ft intervals as shown in Appendix D of Phase II General Design Memoran-

dum (GDM), Design Memorandum No. 2, Mobile District. Subsurface investiga-

tions were conducted with both Vibracore and split-spoon type samplers. Sam-

ples in the bay were taken with a Vibracore sampler to a depth of 30 ft and

with a split-spoon sampler below 30 ft. Samples in the land-cut area were

obtained either with a Vibracore in the upper 30 ft and with a split-spoon

below that or, where the water was above the soil surface, the split-spoon

sample was used entirely.

Laboratory testing

34. Most of the Vibracore samples were classified in the field;

whereas, the split-spoon samples were sent to the South Atlantic Divi-

sion (SAD) laboratory for classification and/or water content determinations.

Some of the samples were tested by private firms. Atterberg limits, grada-

tion, and moisture contents were determined for selected Vibracore samples. A

Torvane device was utilized to assist in determining and evaluating the mate-

rial consistency. Most of the laboratory testing conducted during the Special

Report and Phase II GDM(2) stage on Theodore Ship Channel consisted of water

contents, Atterberg limits, and grain-size distribution. In addition, Q, R,

and R triaxial tests and direct shear tests were conducted on select samples

to evaluate the strength and consolidation characteristics. The results of

the laboratory tests are presented in Appendix D of Phase II GDM(2). Most of

the laboratory data has been included in a geotechnical data base discussed

later in this report.
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Proposed Shore Protection

35. The shore protection proposed consisted of both riprap and vegeta-

tion. Riprap was to be placed along the east leg of the island adjacent to

the Mobile Ship Channel and around the northern and southern edges also adja-

cent to the Mobile Ship Channel. The other sides of the island located to the

west and away from the long reaches of Mobile Bay and the ship traffic were to

be protected by vegetative cover only. A plan view of the shore protection

proposed is shown in Figure 12. The riprap section was to be constructed

after the main dike section was built to grade. A cross-sectional view of the

proposed shore protection is shown in Figure 11.
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PART V: CONSTRUCTION OF CONTAINMENT DIKES

Introduction

36. During the construction of the containment dikes a number of prob-

lems had to be solved. The solution of these problems required a cooperative

effort between the dredging contractor and the MDO. Work began on 24 May 1979

with clearing and grubbing of the land-cut areas. The work was completed

828 days later on 28 August 1981. Approximately 33.5 million cubic yards of

dredged material was either barge hauled or hydraulically pumped over 7 miles

to the construction site. The dredging contractor was the Bean Dredging Cor-

poration of New Orleans, Louisiana.

Clearing and Grubbing

37. Clearing and grubbing the construction limits of the ship channel,

the turning basin, and the diked area was the first priority. Documentatic-

of the construction activities for the barge canal and upland containment area

dikes will not be discussed in this report. Clearing and grubbing of the up-

land construction area proceeded in an easterly manner and consisted of remov-

ing all obstructions by hauling away or burning. Work on the upbank drainage

protected drainage ditches, slope grading, and grassing of the slopes pro-

ceeded prior to and during the dredging operations.

Hydraulic Dredging Equipment

38. The major hydraulic dredging equipment consisted of two cutter-head

dredges, three booster pumps, and approximately 7 miles of 27-in diameter

dredge pipe. Assisting the hydraulic dredges was a dust-pan dredge which was

used to remove the soft bay bottom deposits from the Theodore Ship Channel and

dispose it about 1500 ft away along the south leg of the disposal island. A

number of crew boats, dozers, fork-lifts, draglines, cranes, skidders, barges,

spud barges, and spoil discharge barges were used to assist in this operation.

Description of cutter-head dredges

39. Two hydraulic cutter-head dredges were used. Both dredges, the

Jim Bean and the Dave Blackburn, were capable of excavating to the maximum
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required dredge elevation of -42 ft miw. The Jim Bean was moved in from

Tampa, Florida, to begin dredging on 29 November 1979 and remained until com-

pletion on 28 August 1981, with the exemption of a temporary move to another

project from 17 April 1980 to 3 January 1981. The Dave Blackburn was moved in

from New Orleans, Louisiana, and began dredging on 8 January 1980 and remained

on the project until completion on 28 July 1981.

40. The Jim Bean dredge was designed and constructed by the Bean Dredg-

ing Corporation in 1974 at a cost of about $13 million. The Jim Bean is a

9200-BHP diesel-powered dredge with many modern features; such as electrohy-

draulic controls, hydraulic winches and motors, and electronic range and depth

recording equipment. The dredge is sixty-five ft wide and 262 ft long and

capable of dredging in fairly rough open water. The estimated dredging capac-

ity is about 1450 cu yd per hour at a discharge pressure of from 220 to

240 psi through a 29-in, diameter inlet and a 27-in, diameter discharge pipe.

Three on-board centrifugal pumps and one booster pump were used to pump

dredged material from the turning basin to Gaillard Island over a distance of

about 7 miles. The booster pump was located about halfway between the dredge

and the spill barge. The dredge ladder or boom for the cutter-head was about

140 ft long. Operating costs for this dredge were estimated to be about

$1200 per hour with an average pumping rate of about 900,000 cu yd per month.

41. The Dave Blackburn dredge cost about $3 million to build in 1957.

This dredge was originally owned by the Corps of Engineers (New Orleans Dis-

trict) and later sold to the Bean Dredging Corporation. The Dave Blackburn is

a 3750-BHP diesel-powered dredge with an inlet diameter of 29-in, and a dis-

charge diameter of 27-in, and is capable of dredging and pumping about 1200 cu

yd of material per hour at a discharge pressure of from 70 to 150 psi. The

dredge is 180 ft long, 52 ft wide, and sits low in the water; therefore, re-

stricting its use in rough water. The ladder or boom length for this dredge

was about 86 ft long which was adequate for the 42-ft dredging depth required.

Operating costs were estimated to be about $900 per hour with an average pump-

Ing rate of about 700,000 cu yd per month. Because the Dave Blackburn had

only one centrifugal pump on board, the first booster pump had to be posi-

tioned close to the dredge with the second booster pump positioned about half

way to the spill barge.

Description of dust pan dredge

42. The Lenel Bean, a dust-pan dredge, was moved to the project site at
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the request and expense of the Bean Dredging Corporation. Dust-pan dredges

were designed primarily to remove point bar deposits of sand in the Missis-

sippi River; however, the Bean Dredging Corporation believed that the use of

dust-pan dredge could efficiently remove the soft clay deposits. After con-

siderable discussion as to the environmental impact of using a dust-pan dredge

to remove soft clay deposits, it was decided that dust-pan dredge could be

used on the outer portion of the cut adjacent to the ship channel where the

materials were extremely soft and considered unsuitable for use in dike con-

struction. It was also decided that the high pressure water jets used to

break up and stir the material prior to being sucked in to the dust pan could

be used; however, the valuable oyster beds downstream required careful

monitoring.

43. The Lenel Bean pulled itself forward and backward along the channel

alignment with long cables anchored in the deeper and stiffer clays. The

dredge was located and positioned electronically by an onboard computer and

two electronic survey points located on the western shore of Mobile Bay. Dust

pan dredges are usually controlled by the use of propellers; however, in this

case both stern anchor lines and propellers were used. The dredge would scoop

up bottom material I to 2 feet deep and 30 feet wide on each pass which was

approximately one thousand feet long.

44. The Lenel Bean was capable of dredging an average of 1,200,000 cu

yd of material per month from the Theodore Ship Channel. The dredge was de-

signed to pump material a maximum distance of 2500 ft without the use of a

booster pump. The Lenel Bean is a relatively new and modern dredge with a

3600 BHP diesel motor with a centrifugal pump that has a 40 in. diameter suc-

tion line and a 38 in. diameter discharge line. The Lenel also has a 750 BHP

jet pump that is used to stir the material beneath the dust pan. The Lenel

Bean is 252 ft long and 40 ft wide with a ladder length of 79 ft.

45. The Lenel Bean was used on the outer portion of the cut area adja-

cent to the Mobile Ship Channel. The primary reason for experimenting with a

dust pan dredge was to reduce costs. The unexpected escalation in fuel costs

which occurred during the contract period required the contractor to investi-

gate ways to reduce the costs. The Lenel Bean was used since the material in

this portion of the channel was too soft for use in the construction of the

dikes and the water was fairly calm. The dredged material was pumped about

1500 ft to the southeast corner of the containment area and over the outer
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dike. The material was placed at this location to strengthen the corner

against wave attack. The use of the Lenel Bean was successful in reducing

costs.

Booster pumps

46. Three large pumps were used to assist the Jim Bean and Dave Black-

burn dredges. Each booster was appropriately located along the 2 7-in. diame-

ter pipeline to keep the dredged material moving. Each booster pump was

diesel-powered and mounted on a 40 ft wide and 140 ft long barge. One of the

booster pump barges contained one centrifugal pump and a 3600-BHP diesel en-

gine while the other barges contained two centrifugal pumps and either a 3600

or 4000 BHP diesel engine. The 3600-BHP booster pump was capable of providing

a discharge pressure of about 200 psi, while the 7200 BHP pump provided a

pressure of about 250 psi and the 8000-BHP pump provided a discharge pressure

of from 290-335 psi. The 3600- and 7200-BHP pumps were about 9 years old,

while the 8000-BHP pump was new. Each booster pump was valued at approxi-

mately $1.5 million. Operating cost for the 3600-BHP pump was about $150 per

hour while the operating costs for the 7200- and 8000-BHP pumps was about

$200 per hour a piece. Each booster pump was capable of maintaining the

necessary pumping rate required of the Jim Bean or Dave Blackburn dredges.

The pumps required continual repair because of the high sand content contained

in the dredged material and long pumping distances required. The booster

pumps were monitored constantly to detect breaks in the pipeline. The dredg-

ing crews were in constant radio contact with the booster barge work crews to

prevent pump damage which could result from cavitation and/or a break in the

pipeline.

Discharge Barges

47. Two specially constructed discharge barges were designed by Bean

Dredging to assist in placement of the dredged fill. The discharge barges

were 220 ft long, 60 ft wide and capable of Gischarging over a distance of

280 ft through a 27 in. diameter pipe. A photograph of the discharge barges

is shown in Figure A1O. Mounted on the barge was a 140 ft boom that was winch

operated to raise and lower the discharge pipe to the desired height. Posi-

tioning and locating the barge was controlled by anchors and vertical spud

poles that could be raised and lowered in the soft bay bottom. Tow boats were
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also used to change the barge and anchor location when the barge moved too far

off the dike alignment. These boom mounted discharge barges were some of the

largest ever constructed for the Corps of Engineers.

Associated equipment

48. There were over 20 different crew and tug boats used on the project

during construction. Over 20 flat-deck barges were used to haul dredged mate-

rial from the turning basin to Gaillard Island. Equipment used to assist in

this operation included a bucket dredge barge, dragline barges, crane barges,

derrick barges, spud barges, fuel barges, and equipment barges. Several

dozers and survey skiffs, a survey boat, a skidder, and a forklift were used

in clearing, grubbing and handling the dredge pipe. Nine large draglines were

used at various times throughout the project for clearing, grubbing, handling

dredge pipe and equipment; in addition, to loading the barges with dredged

material from the turning basin. This listing includes only the major items

generally reported by the contractors; however, a large number of small items

(i.e. trucks, pumps, motors, welding machines, tools, etc.) were used which

will not be discussed in this report.

Hydraulic Dredge Construction Sequence and Placement Techniques

49. Construction of the Theodore Ship Channel proceeded easterly from

the upland construction limits within the turning basin in Theodore Industrial

Park. The hydraulic dredges utilized were the Jim Bean, Dave Blackburn, and

the Lenel Bean. Each dredge operated within the Theodore Ship Channel at

various times throughout the project. The initial plan was to construct an

outside perimeter dike, during Phase I, and then construct a higher dike on

the inside during Phase II as shown in Figure 10. However as dike construc-

tion progressed different sections of the dike constructed during Phase I

either settled or were overtopped by wave wash, thus requiring the initial

plan be altered. Instead of building up the Phase I dike during Phase II with

a dragline as planned, dredged mate'rial for the second pass was needed on top

and to the inside of the dike to compensate for the settlement and overtopping

which had occurred.

50. The Jim Bean dredge began dredging at the mouth of Deere Creek on

29 November 1979 at Station 220+00 and proceeded in a westerly direction. The

dike construction for Gaillard Island began with the Jim Bean depositing
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dredged material at dike station 268+00 and proceeding in a northerly direc-

tion. Initial pumping distances were about 10,000 ft, but as the Jim Bean

dredge moved inland and the discharge barge moved north along the dike perim-

eter, a maximum pipeline distance of 34,565 ft was recorded. The first dredg-

ing operation report was recorded on 29 November 1979; however, the contractor

had been working previously to this date for 190 days clearing, grubbing, and

preparing the equipment. Appendix B contains a listing of the Contractor

Inspection Reports (CIR), Dredge Operation Reports (DOR), dates worked, and

other essential dredging operation data.

51. The Jim Bean worked at the Theodore project during two different

time periods: from 29 November 1979 through 17 April 1980 and from 3 January

1981 through the completion of the project on 28 August 1981. During excava-

tion, the dredge would swing the cutterhead from side to side in a large

sweeping motion controlled by winches which were connected to large side

anchors embedded in the channel bottom. The elevation of the cutterhead was

controlled by lowering or raising the ladder with large winches. The sandy

materials would tend to flow toward the cutterhead, as the excavation pro-

ceeded; however, the stiff clays would form vertical faces as high as 10 to

20 ft. The initial height of the vertical clay faces which would form in

front of the cutterhead would depend on the depth of cut and consistency of

the material but the vertical clay faces would eventually slough off. Since a

hydraulic dredge cannot make a slope cut, it was necessary to over cut the toe

of the slope during each pass. When the vertical face sloughing of the mate-

rial would occur, the soil would fill in the overcut and result in a sloped

surface along the side of the channel. Illustrated in Figure 13 is the over-

cutting construction technique used for a typical cross-section of Theodore

ship channel. Side slones of IV to 2H were determined to be the steepest sta-

ble channel slopes which would remain without sloughing. Before the channel

was cut to the final elevation of -42 ft mlw, the dredge had to make a maximum

of three long parallel shallow cuts along the channel alignment.

52. Prior to the dredges moving into the turning basin, draglines work-

ing from the bank and from barges removed the landcut material down to about

el -10 ft mlw. Upon entering the turning basin the dredges used the same pro-

cedure previously described to strip away the bottom material in 10- to 20-ft

cuts down to el -42 ft mlw. When the Jim Bean returned to the project In Jan-

uary 1981, it worked in the turning basin and completed the work that the
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Dave Blackburn had not been able to complete. The Jim Bean started to dredge

the soft channel materials at the mouth of the Theodore Ship Channel, where

it meets with the Mobile Channel, but it was decided that it might be more

cost-effective to bring in the Lenel Bean to complete the work.

53. A more complete description of the dredged material placement se-

quence along the dike alignment is tabulated in Table 1. In addition, Fig-

ures 14, 15, and 16 contain a graphical illustration of the dredged material

placement sequence for the Jim Bean, Dave Blackburn, Lenel Bean and barge haul

operations, respectively.

Dave Blackburn dredge

54. The Dave Blackburn dredge was moved to the Theodore Ship Channel

project on 8 January 1980 and it worked continuously, except for minor break-

downs and maintenance repairs, until 28 July 1981. The Dave Blackburn started

dredging sandy material at station 222+50 and proceeded toward the western

shore before moving into the turning basin. Once the turning basin was com-

pleted, the Dave Blackburn moved back into the ship Channel and continued to

dredge out areas where the best dike-building materials were located. The

Dave Blackburn started dumping dredged material along the Gaillard Island dike

alignment between stations 291+00 to 291+75 and then moved to the northernmost

rim of Gaillard Island and continued depositing material in a southerly direc-

tion to station 203+00. A complete description of the placement sequence is

outlined in Table I and graphically represented in Figure 15.

Hydraulic dredge-spill barge placement

55. Placement of the dredged material from the Jim Bean and Dave Black-

burn dredges was controlled by personnel located on the disposal or spill

barge. Material was placed at a minimum distance of 280 ft from the floating

barge into three large mounds. One mound was located on the dike centerline

with the other two mounds on each side of the centerline. The discharge was

maintained from 3 to 8 ft above the water surface. Although there was some

speculation as to whether the discharge should have been kept lower to reduce

segregation and loss of fines, it was not believed significant. Once the cen-

terline of the dike appeared to be from 2 to 3 ft above the water surface, the

barge operator would winch the barge over approximately 100 ft to either side

of the centerline and raise that portion of the dike. An energy dissipater

was used on the end of the dredge pipe to reduce the formation of large holes

in the dike fill; however, it was not completely successful. Discharge of

37



+ + 00r.1I N-

W C)

00

-I2 -i . - 00i

+. 00 0 0 N+

0

05jo 15#0 + 
00091 N4-0

I 000

00
4000981N+++ Vl 0 0 9 c

0 + H

4

0.40

.- 1-9

4bJ

4 1-
cc "I &

'- > c

C,-

0 +) 00)006, N+

00

+0 
-. 

0 (26

0' 38



+ + + + 0004;LI Ni

-0 0 0l 0

00 N

00

*04-+ +. 0054L I N+ 0)
00

0

20.00

+ Q F000081 N+

00

0 0

63 4' 2UN5

1o -
0  r

70-00 uo'-00 \ L

10 8-00000N

00

p 'A 65

144 00,

399

~01



+4+ + + O00GJA N-

o0 II 0

o0 II 0 0

0 0

0 

44 

,

F,, 0~ ,F

* 0

0a 
N

MAY a I0 
LL 14 0

;-o

30.00 III0 0' o o e N

9 JUN 80 1400 0

0 Lo

Al, 4.4 1-

>? 0QzsI N-.

60,00

00'

00 1N++++ 4)-

16UG
0

. 17.0
-0w 4)

0, (0

Pm CV o -I4

?.00.0 0 +J

.0

0 0 41

'4- (4

+, 00 06 N+

ww 
.9 

.

404



sandy materials would usually leave larger holes in the dike surface; whereas,

material containing clay balls when discharged would stack up in large mounds

with slopes of about IV to 1H. When the required elevation was reached (about

2 to 3 ft above mlw), a person or low ground pressure equipment could work on

the surface. However, if the bay bottom materials surfaced as a result of a

mud wave, it would be several weeks before a crust would form strong enough to

walk on.

56. During the first phase of construction, the spill barge was able to

float along the centerline of the proposed dike alignment, but when subsequent

fill was placed, the spill barge had to be positioned on the outside perimeter

of the dike. The spill barge had difficulty getting close enough to the dike

to place the material because of the shallow water depths over the extremely

flat dike slopes of the initial dikes. Towboats were used to push the spill

barge ashore during high tides and also to reposition them at new dump loca-

tions. To prevent any dredged material from running back into the bay, small

diversion dikes were constructed which directed the dredge material back into

the containment area.

Hydraulic dredge-spill barge problems

57. The construction of dikes using hydraulic dredged material in open

water of a depth of 10 ft is highly dependent on the successful operation of

the spill barge. The remote location of the discharge barge and lack of ex-

perienced operating personnel contributed to many of the problems that oc-

curred, but overall supervision of the project was satisfactory. Proper

placement of the dredged material for constructing dikes on soft founiation

requires forceful preplanning, observation and supervision of the placement

techniques. Many of the operational problems occurred on weekends and at

night when the contractor's first-line supervisors were not available to make

the proper decisions. The spill barge operator would sometimes deposit mate-

rial all weekend in the same location without moving the discharge pipe caus-

ing mud displacement failures. These failures would not only displace the

soft bay bottom materials to either side of the dike, but they would displace

the material under and around the spill barge often requiring a tow-boat to

pull the barge out of the mud. Once a shallow dike failure occurred, the soft

bay bottom material would become entrapped and mixed with the fill material to

such an extent that several weeks would be required before personnel could

cross these areas. On one weekend the dredge pipe separated near station

41



207+00, which was about 500 to 600 ft from the spill barge with several

thousand yards of dredged material being deposited before the discharge barge

operator could get permission to make the necessary repairs. This incident

cost the CE valuable time and several thousand yards of good fill suitable for

use in the dike construction.

58. Survey control points were located by the contractor by using bam-

boo poles 30 ft long and 4 inches in diameter pushed into the soft bay mud.

Quite often these poles would be accidentally knocked over by crew boats, tow-

boats, barge traffic, heavy seas, or just simply float out of the mud. The

bamboo poles needed holes drilled into the cellular compartments to reduce

floatation. Three survey poles were located every 500 ft along the proposed

dike alignment, with one pole on the centerline and the other two located

about 250 ft to either side of the dike centerline. Small pen-lite flashlight

bulbs and dry cell batteries were taped to the bamboo poles so the spill and

haul barges could work at night. Once the embankment was constructed, the

contractor's survey team was required to reestablish the three survey control

poles on the dike and provide the CE with a profile of the constructed embank-

ment both above and below the water surface.

Lenel Bean - Dust Pan Dredge

59. The Lenel Bean was brought to the project at the contractor' s ex-

pense to determine if the very soft bay clays could be dredged more cost-

effectively with a dust pan dredge than with a cutterhead dredge. There was

considerable discussion as to how the contractor planned to operate the dust

pan dredge before the Mobile District would allow the dredge to operate in the

Mobile Bay. One of the major concerns was the high pressure water jets, which

are used to stir the soft materials, might destroy the oyster beds downstream;

therefore, it was agreed that the use of the water jets would be closely moni-

tored. The dust pan dredge worked like an underwater elevator scraper loader

that moved along the bottom scooping up soft material to a depth of one foot

which was then sucked into the dust pan.

60. The required pumping distances for the~ dredged material varied from

a minimum of about 1625 ft to a maximum of 3265 ft with an average distance of

about 2100 ft. As the Lenel Bean advanced along the channel, the spill barge

was moved along the south dike. Since the dredged material was very soft, it

was not suitable for dike construction. Photographs in Appendix A show the

placement of the dredged material. Even though the bay material was very
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soft, the clay balls which were formed were dredged and pumped to the disposal

area as shown in Figure A28. Small "row" dikes, as shown in Figure A27, had

to be constructed along the crest of the existing dike to prevent soft dredged

material from flowing back into Mobile Bay.

61. The locations for the end of the floating dredge pipe are shown in

Figure 16. The floating pipeline was used between the Lenel Bean and the dis-

posal island. A positioning barge was used along the shore of the disposal

island to connect the floating pipeline with a section of shore pipe. The

shore pipe was equipped with a valved wye which allowed material to be dis-

charged at two alternate locations. All discharge locations were landward of

the small "row" dikes.

Barge haul operation

62. The contractor elected to excavate a portion of the dredged mate-

rial with land based and floating draglines. The material was loaded onto

barges and ferried to Gaillard Island for off loading. Before the contractor

could implement this excavation and hauling operation, an approved excavation

and dumping plan was required by the Mobile District. Dredged material place-

ment, location, width and depth of fill were agreed upon by both the contrac-

tor and the Mobile District before the operation began.

63. Description of draglines and associated equipment. Five different

land based draglines were used at various times to excavate material from the

land cut area in the ship channel and turning basin. During the conduct of

this work no more than two draglines worked at any one time on the bank and

only one floating bucket dredge was utilized. Draglines operating on the bank

consisted of two Bucyrus Erie 88B, two Limas, and a Manitowoc 4600, each with

a 6-cu yd bucket and 120-ft long boom. The floating bucket dredge had a 6-cu

yd dragline clam bucket and 120-ft long boom and was mounted on a self-

propelled spud barge. Shown in Figure A6 is a dragline on the bank of the

turning basin loading a flat top steel deck barge. The deck barges were 40 ft

wide and 140 ft long. The volume of dredged material contained in the barge

was estimated by the displacement of the barge. After the barges were loaded,

tow boats ferried the barges to Gaillard Island for off loading.

64. A special dragline and spud barge was used to unload the material.

The special dragline consisted of a dozer blade, instead of a bucket, to

scrape the material off. Special 4-ft long standoffs were welded to the spud

barge so that when the dragline blade scraped the dredged material off the
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barge it would fall between the haul barge and spud barge. As the dredged

material was being unloaded from the haul barge, the tow boats remained with

the barge to position it in front of the dragline to expedite unloading. The

dragline was positioned on wooden mats so that it could move along the top of

the spud barge to better distribute the dredged material on the bay bottom.

Figure A7 shows a towboat positioning the haul barge alongside the spud barge.

Shown in Figure A8 is a dragline reloading dredged material from a haul barge

to construct the first phase of a perimeter dike. The barge haul-placement

operation consisted of a spud barge, three or four towboats, a dragline, and

at least twelve deck barges.

65. Barge haul construction sequence and placement technique. The

construction sequence was to excavate dredged material from the turning basin

and haul it to Gaillard Island and off load the dredged material to construct

the perimeter dikes. Table I contains a listing of the excavation dates and

dredged material placement stations or the various dredges. In the turning

basin draglines positioned on the bank at el +22 ft mlw excavated material

down to about el - 6 ft mlw; then a bucket dredge was used to excavate the

material down to about el -10 ft mlw with the cutterhead dredges completing

the excavation to el -42 ft mlw. Material excavated by the draglines and

bucket dredge was hauled by deck barge to the dike alignment and placed in

about 8 to 10 ft of water by the dragline mounted on the spud barge. Dredged

material was placed along the dike alignment for 250 ft on either side of the

centerline to an elevation no higher than -4 ft mlw. It was believcd that

4 ft of water was sufficient to allow the spill barge from the cutterhead

dredge to operate. Placement of sufficient material at the proper location

was accomplished by moving the spud barge transverse to the longitudinal axis

of the dike alignment. As the spud and haul barges would move across the dike

alignment, dredged material would fall in the area between the very narrow

barges to such an extent that the material would stack up above the water line

and make it difficult for the spud barge to move. This procedure made it dif-

ficult to get an even distribution of dredged material over the area to be

covered. In addition, trying to keep the spud barge on the dike alignment at

night or during bad weather was difficult. Problems were complicated by not

being able to identify the depth of previously placed dredged material and the

loss of survey markers disturbed by the tow boats and barges. Because this
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technique did not provide an even distribution of dredged material, a

satisfactory estimation of fill placement could not be made.

Problems Encountered by Contractor

Introduction

66. Several problems plagued the contractor throughout construction of

the Gaillard Island Dredged Material Disposal Area. Survey Control, estab-

lishment of vegetation on construction slopes, overland drainage structures,

fuel price escalation, dredged material distribution, and weather conditions

were some of the major problems encountered by the contractor.

Survey control

67. The project was not only very large, but it was located 2 to

3 miles offshore with the Theodore Ship Channel located parallel to the south

leg of Gaillard Island. The original baseline established by the CE was de-

stroyed during clearing operations and had to be reestablished. Restoration

of the baseline was hampered by the continual changes in the channel alignment

and other minor control problems during early phases of the contract.

Vegetation establishment on construction slopes

68. The contractor had a difficult time establishing vegetation along

the land-cut channel slopes. On areas where sod was used the contractor was

successful in maintaining the channel slopes, however, where seed was used

even though it was fertilized and mulched was not very successful. The slopes

of the cliannels consisted of very fine sandy silts and layers of clay that

were highly erodible and low in nutrients. The contractor had to mulch and

seed the slopes several times before he was able to establish a satisfactory

vegetative cover. In addition, several deep rivulets were created by overbank

flow. This occurred primarily in areas where the top of the bank did not have

a berm to prevent overland flow.

Drainage structures in barge canal

69. A number of concrete drainage structures along the barge canal were

partially destroyed because of excessive overland flow of water from the sur-

rounding Theodore Industrial Park area. The side slopes of thle barge canal

were a problem to maintain because they contained layers of fine sandy silt

and clays that were highly erodible. Many of these structures have been
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redesigned and repaired before they would operate successfully. However,

construction of the barge canal was not within the scope of this study.

Dredged material distribution

70. Open water disposal of hydraulically discharged fine-grained

dredged material in moving water has always been a problem. Aerial photo-

graphs taken during construction indicated continual turbidity around and

south of the Island. Local oyster fishermen were concerned that fine silt and

clay-size particles would drift into the very productive oyster beds and de-

stroy them. Therefore, the MDO conducted a study to determine the extent of

the turbidity plume downstream from Gaillard Island.

Plume study

71. A "turbidity plume study" was conducted by Timothy Sullivan, of the

MDO. The purpose of the study was to determine the thickness and aerial ex-

tent of a turbidity plume which could result from open water discharge of hy-

draulically dredged fine-grained materials. Lead line and sonar profiles were

conducted near two channel stations: 120+00 and 130+00. These observations

were conducted before (30 January 1981) and after (11 March 1981) the Lenel

Bean had cut the channel to a depth of 27.5 msl and the full width of 400 ft.

Lead line and sonar profiles were conducted from Gaillard Island south across

Theodore Channel, a distance of over 2500 ft. These profiles were made prior

to and after dredging had begun in the channel. Differences were observed be-

tween the sonar profile and lead line profile. Samples of the plume material

were taken with a special sampling bucket. The wet densities were found to
3 3

vary from 62.9 to 80.5 lb/ft with an average of 70 lb/ft . The top surface

of the sedimented dredged plume material was smooth; whereas, the lead line or

original bay bottom was more irregular with sharp breaks caused by existing

depressions and mounds. The depth of sedimented material diminished with dis-

tance away from the Island. Prior to work at channel stations 120+00 and

130+00, the layer of sedimented dredged material was an average of about 4 ft

deep near the dike toe and less than 1 ft deep at a distance of 2500 ft south

of the dike; however, material had accumulated in low areas near the dike toe

as deep as 7 ft. After the Lenel Beam dredged the channel to a depth of

27.5 msl, sonar readings indicated that there was approximately an 8 to 9 ft

of sedimented dredged material (70 pcf) covering the relatively uneven channel

bottom. The material would not cause any navigational problems since the

ships could easily pass through this soft "fluff", however, if the ship relied
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upon sonar profile to determine the safe depth, then the ships would hesitate

to enter the channel. This material lies very flat in the bottom of the ship

channel and seems to cling to the channel side slopes in a blanket about 1 ft

thick.

72. It was concluded from this investigation that the suspended clay-

size particles were temporarily dispersed in the water south of Gaillard

Island and would eventually flocculate out a distance of 3000 ft or less. The

natural Bay bottom is very soft and exhibits the same properties, very soft

surficial soil layers (70 pcf), in areas that have never been dredged. The

Bay is shallow and after a storm, depending on the amount of fresh and salt

water available, the Bay may stay murky over periods of months. It was also

concluded from this study that a leadline survey is more accurate than a sonar

survey and should be used as the basis for estimating pay.

Weather conditions

73. During the 828 days required to dredge the Theodore Channel, the

contractor was forced to discontinue dredging operations for only about one

half day on 12 September 1980 because of Hurricane Frederick. Weather condi-

tions did not change the hydraulic dredging activities, except for minor thun-

derstorms, high seas, and fog that occasionally prevented shift changes, re-

pairs, and dredge pipeline work. Weather prevented the barge haul operation

from hauling dredged material on several occasions because of poor visibility

and high seas. On occasions weather conditions prevented the contractor sur-

vey teams from replacing the dike channel survey control markers. Neither

weather conditions (except Hurricane Frederick), tidal fluctuations, nor cur-

rent conditions in Mobile Bay prevented the contractor from dredging during

the contract period.

Fuel escalation cost

74. The dredging operations consume vast quantities of diesel fuel. An

important consideration in the dredging costs for a project of this size is

possible escalation of fuel price within the contract duration. The contract

used for this project did not have a fuel price escalation clause and thus was

not modified even though fuel cost increased from $0.38 per gallon in March

1979 (when the contract was awarded) to over $1 .00 per gallon (at the comple-

tion of the contract). Fuel costs rose by more than $0.50 per gallon during

the first year and then remained between $0.95 to $1.00 per gallon for the

rest of the contract period.
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75. In an attempt to minimize fuel costs, the contractor tried to pur-

chase and store large quantities of fuel; however, storage became a problem.

Implementation of the barge haul operation in the land-cut and the innovative

ideal of utilizing a dust pan dredge to remove the soft bay materials helped

to minimize contractors costs.
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PART VI: ASSESSMENT AND CORRELATION OF SOIL DREDGING DATA FOR DISPOSAL DIKE

introduction

76. After the 6 mile long perimeter dike was constructed for Gail-

lard Island the immediate concern centered upon the resistance of the dike to

the forces of nature. Initially, there was some concern as to whether the

dike could be constructed using the fine-grain dredged materials available

from the channel. Once the dike was constructed the primary concerns were

with settlement of the dike and erosion or scour around the dike toe. Imme-

diately after dike construction survey profiles and soil borings were made to

correlate embankment slopes and soil characteristics. Permanent bench marks

and piezometers were installed to monitor the long-term behavior of the

embankment.

Dike Cross-Section and Contour Maps

77. Survey profiles and cross-sectional data were taken by the dredging

contractor immediately after dike construction for the first and second

phases. The location of the dike cross-sections contained in Appendix D, are

shown in Figure 17. Dike surface contour maps were developed from aerial pho-

tographs by the MDO and are shown in Appendix E. The aerial photographs were

not shown in this report. The cross-sections shown in Appendix D included

only the final survey for the second phase of construction. To aid in corre-

lating the underlying soil data to the dike profiles boring logs have been

plotted on the cross-sections shown in Appendix D, and matched the closest

station to where the boring was made. The soil borings are located in Fig-

ure 18. An attempt was made to locate the original bay bottom and any dike

displacement from the boring log data. The dotted or dashed line shown on

each Figure in Appendix D was based on a bay bottom contour map prepared by

USGS (1976). During post construction, the Mobile District made ground sur-

face reconnaissance surveys in 1981 of the surface soils. The results of the

these surveys are shown in Figure 19.
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Embankment Slopes After Barge Haul and Hydraulic Dredged Material Placement

78. After different phases of the barge haul operation were completed

an attempt was made to determine depth and slope of the fill. Since the fill

was to be placed only to -4 ft mlw it was very difficult to conduct a sonar

profile; therefore, it was necessary to locate the surface of the fill with a

survey rod. It was found that the fill did not have a smooth surface, rather

it was very hummocky and rough. The slopes were very steep immediately after

placement with some locations approaching a IV:IH slope. Since all of the

barge haul material came from the land-cut portion of the Theodore Ship Chan-

nel, the stiff consistency of the clay material was assumed to contribute to

the steep slopes and hummocky surface of the submerged fill. In some places,

the material placed by the barge haul operation was above the water surface.

79. Once the drEdging contractor had completed the dike system for

Gaillard Island, he was required to provide the Mobile District with cross-

section of the dike at select locations. These cross-sections are contained

in Appendix D. After the Contractor was finished the Mobile District made

soil borings through the completed dike. A log of these borings is shown at

the appropriate dike locations in Appendix D. The slopes, depths of fill, and

predominant fill material for the dikes are tabulated in Table 2. The eleva-

tions of the original bay bottom before and after construction are also tabu-

lated in Table 2.

80. The fill material varied from a clean sand to clay balls with a

sand, silt, and shell matrix. Slopes above the water surface were usually

steeper, depending on the type of fill, than the slipes below the water sur-

face. Slopes made of sand generally were flat with slopes varying from IV:]H.

Figure A16 is a photograph which shows a IV:IH slope constructed from clay

balls.

81. Below the water surface, dike slopes constructed primarily of sand

averaged about IV:61H on the inside and 1V:53H on the outside. Some slopes

constructed from fine sands, silts and solt clays were as flat as IV:250H.

The slopes constructed from clay balls were steeper with slopes averaging

about IV:32H on the inside and IV:45H on the outside. The steeper clay ball

slopes experienced more erosion than the flatter sandy slopes. The erosion

generally consisted of the creation of small vertical scarps which eroded
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quite rapidly. Figure A17 is a photograph showing these small vertical

scarps.

82. The original bay bottom varied from about el -8.0 to el -12.0 ft

mlw with an average of el -9.0 ft miw prior to construction. As a result of

construction, the bay bottom soils were displaced both laterally and verti-

cally. In some areas mixing of the displaced bottom soils and dike fill mate-

rial occurred. After construction the surface elevation of the original bay

bottom materials varied from about -5 ft to -21 ft mlw which indicates an up-

ward movement of bottom materials by about 4 ft in some locations and a down-

ward movement of about 12 ft in other locations.

Dredged Material Volume Removed from Theodore Ship Channel

83. Dredged material was removed from Theodore Ship Channel by both

barge haul and hydraulic dredging operations. The daily records for the

dredging operations are tabulated in Appendix B. Bar graphs designed to

illustrate the volume of dredged material removed from the landcut and baycut

portions of the ship channel are shown in Figures 20 through 23. Each bar on

the graph represents a horizontal distance of 500 ft along the channel while

the vertical height represents the total volume removed from that particular

reach. Volumes of sand, silt, clay or shell dredged in each reach are shown

as segments of the bar. Unfortunately the bar segments are not identified as

to which segment represents what type of material. Further modification of

the program would be required to identify and illustrate the individual soil

types on these plots.

84. A bar graph of the dredged material cut volumes made by the barge

haul operation for the land-cut portion of the ship channel is shown in Fig-

ure 20 and the bay-cut portion is shown in Figure 21. It can be seen in this

illustration that the barge haul operation was utilized primarily for excavat-

ing dredged material from the turning basin. Excavation along other portions

of the landcut and baycut made by the barge haui operation was primarily for

the purpose of shaping the side slopes and smoothing out high ground along the

bottom of the ship channel.

85. Dredged material cut by the hydraulic dredging operation are shown

in a bar graph plot in Figure 22 f or the landcut portion of the ship channel

and Figure 23 for the baycut portion. These plots represcnt dredged material
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volumes dredged by all three dredges (Jim Bean, Dave Blackburn and

Lenel Bean). These plots indicate the distribution of cut volumes recorded

along the ship channel alignment is not evenly distributed. The large in-

crease in the bar graph volumes near the Mobile Ship Channel is a reflection

of the side cast dredging over the years that has left a low ridge of dredged

material adjacent to and parallel to the Mobile Ship Channel. The low volume

indicated near station 45+00 was caused by dredged material excavated from

this location in an earlier experiment for a trial test section that was dis-

cussed earlier in this report. Other low and high volumes reflected in this

bar graph could have been caused by previous oyster shell mining by local

shell suppliers. There seems to be a more even distribution of dredged mate-

rial cut volumes (Figures 22 and 23) nearer to the landcut and in the landcut

areas of the ship channel.

86. Total dredged material volumes cut by both the barge haul and the

hydraulic dredge operation from Theodore Ship Channel are shown tabulated in

Table 4. A total of 27,956,126 cubic yard of dredged material was reported

removed by the contractor's daily reports from both the landcut and baycut

portions of the Theodore Ship Channel. The predicted volume was calculated to

be about 31,105,000 cubic yards. This figure was used in the contract adver-

tisement. The predicted baycut dredged material volumes and the cut volumes

reported by the contractor's daily reports were almost identical but there was

about a 2 million cubic yard difference between the predicted volumes and the

volumes reported by the contractor for the landcut. This loss of material may

be attributed to a number of factors such as inadequate surveys and/or accumu-

lative mathematical errors or accumulative survey errors in the volume calcu-

lations reported in the daily record. A 10 percent loss of volume for the

Iandcut portion of the ship channel is not as easy to justify as would be an

equivalent loss in the baycut; therefore, there must be an error either in the

calculations or the dredged material volumes reported by the different dredg-

ing operations.
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PART VII: DREDGED MATERIAL VOLUMES DETERMINED IN GAILLARD ISLAND DIKE AND

CONTAINMENT AREA

87. Determination of dredged material volumes placed in the dike sec-

tions and containment area at Gaillard Island was made from Dredge Operation

Reports for each of the dredging operations. The volumes as reported were

compared with these calculated from survey cross-sections and boring log data.

Total volumes of dredged material determined for the south, east, and west

legs of the island for barge haul and hydraulic dredging are shown i~n Fig-

uires 24 through 28. Each one bar in these Figures represents a 500-ft segment

of dike length. Even though the dredged material was reported and plotted in

segments of sand, silt, and clay, etc., these values were not identified in

the plots.

88. Shown in Figures 24 and 25 is volume of dredged material deposited

by the barge haul operation along the south and east dike alignment. There

was no fill placed along the west dike alignment by the barge haul operation.

The barge haul operation was responsible for placing 2,260,325 cubic yards of

dredged material along the south and east dike alignment. The dredged mate-

rial fill volumes for the south, east, and west legs of the island are shown

in Figures 26 and 27 for the hydraulic dredges. The dump locations along the

south and east sides of the island for the Lenel Bean can be easily identified

by the sharp rises in the bar in these Figures.

89. The total volume of dredged material taken from the channel and

placed in each of three legs of the dike and ir the containment area was

determined from the hydraulic dredging records. A listing of the dredged I
material volumes for the bay-cut, land-cut, and fill volumes for each leg and

the containment area for each dredging operation, along with the soil types,

material dumped in the containment area from the Lenel Bean consisted of about

75 percent fine-grain soils and 25 percent shell with practically no sand.

90. The total volume of hydraulic and barge haul fill for each leg of

the island was determined to be about 10.2, 5.5, and 7.0 million cubic yards

for the south, east, and we-,t leg, respectively. It was also determined that

about 5.3 million cubic yards, or about 19 percent of the total volume exca-

vated and placed, was stored within the confines of Gaillard Island. There-

fore, about 350 acres of dredged material in the southeastern corner of the

containment area was exposed above mls.
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Retention of Dredged Material in the Dike and Containment Area

91. After construction, it was determined from the dike elevation con-

tour maps that approximately 320 acres of surface area was exposed above mlw;

thus providing a containment area of about 1300 acres for future dredged mate-

rial storage. About 350 acres of dredged material in the southeastern corner

of the containment area is exposed above mlw. It was estimated from the final

dike cross-section end areas that approximately 17.4 million cubic yards of

dredged material was located within the perimeter dike and about 10.8 million

cubic yards was estimated to be contained within the containment area, for a

total dredged material volume of 28.2 million cubic yards. These volumes

could be misleading since volumes after placement are often different than in

situ volumes. If it is assumed a volume change of 1.3, then the actual mate-

rial cut from the channel would be 13.4 million cubic yards; if a volume

change of 1.5 actual', occurred, then the actual velume cut from the channel

would be only 7.2 million cubic yards.

92. The Lenel Bean dredge excavated about 5.3 million cubic yards of

material that was dumped directly into the containment area; therefore, it is

assumed that the remaining 1.9 million cubic yards resulted from spillover

from perimeter dike construction. The total amount of channel cut material

estimated (from island cross-section) to construct the perimeter dike and

estimated to be inside the containment area was about 20.6 million cubic

yards. The total gross measured volume of channel cut dredged material deter-

mined from the Channel survey cross-sections was about 33.5 million cubic

yards.

93. The retention rate is calculated by dividing the volume of dredged

material estimated from cross section of the dike fill and containment area,

20.6 million cubic yards, by the total volume of material cut from the chan-

nel, 33.5 million cubic yards shown tabulated in Table 4. Therefore the re-

tention rate was determined to be about 61 percent which means about 39 per-

cent of the channel cut material was unaccounted for after construction. A

difference of 39 percent is relatively low considering the large volumes of

clays and silts present in the channel and soft foundation soils of the con-

tainment Island. 'f the total dredged material volume reported by the con-

tractor's daily records, 28 million cubic yards, was used to determine the

retention rate then the retention rate increases to 74 percent and the amount
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of material unaccounted for is only 26 percent.

94. It is believed that the soils lost during construction were the

fine silts and clays which were carried away in suspension by the bay cur-

rents. Based on studies performed by the Mobile District, these materials

would not have travelled more than about 2500 ft to 3000 ft from the outer

boundary of the island before being precipitated by the sea water. Some of

the dredged material may have traveled down the Mobile Ship Channel; however,

there were no appreciable changes in the navigation depths.

95. Dredged material volumes estimated by the government prior to con-

struction, volumes reported by the contractor from dredging records, actual

volumes paid for, and the gross volumes estimated from cross sections are

tabulated in Table 4. The government's final estimate for the channel cut,

differed from the Contractor's estimate by about 0.6% based on final cross-

sections. The gross over cut volume was about 7 percent above the pay vol-

umes. The volumes reported in the Contractor's daily records were about

16 percent less than the gross volumes, and about 11 percent less than the pay

volumes. Government estimates of bay-cut volumes and that reported and sur-

veyed and paid for were in very close agreement; whereas the gross overcut

volumes in the bay-cut were about 8 to 9 percent more than these values.

Volumes estimated by the government in the land-cut agreed fairly well with

the yardage paid the contractor and the yardages measured from the cross-

sections; however, the volumes reported in the Contractor's daily records

indicated a volume of about 26 to 29 percent less. This large difference is

partly attributed to an 0.8 million cubic yards difference between barge haul

volumes reported by the contractor and the yardage paid by the government.

96. A breakdown of the volumes dredged for each dredging operation for

both the bay-cut and land-cut is also shown in Table 4 along with the dredging

cost. The volumes for each dredging operation shown in the column for Yardage

Paid the Contractor in Table 4 were adjusted by the MDO according to the daily

records. Bay-cut excavation cost were $0.88 per cubic yard and land-cut cost

were $2.216 per cubic yard. Total dredging cost for 31,293,786 cubic yards of

material was $42,844,732.77.
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Geotechnical Investigation

Field and laboratory tests

97. The subsurface investigation conducted by the Mobile District drill

crew personnel consisted of making standard penetration tests and obtaining

3-inch diameter undisturbed Shelby tube samples. The results of these tests

are shown on the survey cross-sections in Appendix D. The locations of the

borings are shown in Figure 17. Thirty seven boring logs have been plotted on

the dike cross-sections shown in Appendix D at the stations closest to the

actual boring locations. Twenty-nine of the soil borings were located on the

longitudinal dike centerline and 8 were offset on either side of the dike cen-

terline. During the drilling operations, an attempt was made to establish the

elevation of the original bay bottom. Drilling and sample collection were

very difficult because all Standard Penetration tests and Shelby-tube sampling

was conducted using a portable tripod. Site mobility along the dike center-

line was also hampered because of soft surface conditions. Field and labora-

tory soil classifications, water contents, Atterberg limits, and gradations

were conducted on the disturbed samples obtained from the Standard Penetration

tests. Q and R triaxial shear strength tests were conducted on undisturbed

soil samples taken from the Shelby tubes. The results of the triaxial tests

are shown in Figures 28 through 33. The triaxial samples were taken primarily

from potentially weak foundation areas that contained clayey (CH) soils. The

locations of these weak foundation areas were determined from Standard Pene-

tration tests. The results from the Q tests indicated shear strengths in the

range of 0.05 to 0.06 tsf with an undrained internal friction angle, P, of 0

deg. The R tests indicated an undrained cohesion that ranged from 0.0 to

0.20 tsf and an undrained friction angle that varied from 10 to 14.5 deg. The

effective R cohesion varied from 0 to 0.10 tsf, with an effective internal

friction angle, that varied from 20.5 to 24 deg.

98. Field vane shear strength tests were conducted at select locations

along the dike alignment by using a 2.5-in. wide by 4.5-in. long vane with a

0.75-in. taper. Table 5 contains a tabulation of boring numbers, locations,

elevation, and corrected shear strength determinations for each vane shear

test. The in situ vane shear strength varied from 0.03 to 0.39 tsf in the

soft dike and foundation soils. The vane shear tests were conducted in areas

that were considered to be soft and weak, i.e., potential failure zones.

67



3

n44 fA Ivfia S I~S J V1

I I A E IO iif .If H71RIt II I

1..*. .000_1_1_1_1__1____ 11 1.98 1.8 1.60I T T

I T I_

ti

.00- IS1a.20. ,gap

0.1P.AIL-

C.. P. .-T a a -

*if*. TRIS p *ppT~p * 1 .9387 1.87 1. .38

Iallr DispoIal IslaI

- 1. l 10+0 - I.

Figure 28Gridainalycoprsio test r*JcTeoreo Shi thnetfrsmlsa

Sta 0+00and 2.0 34. ft ept

968



3 6

I.I

.44
2

z2

a 0

o. Norma Stroes a. T/eq ft
zc

Test No. 1 2 3

W ater content Wo 61.2 % 62.5% 61.3%

~ T~irt . % 1.683] i697 1.712 __

Satuation s 98.2 99.51 96.7 %

lb. t 
7
d 62.8 62.5 62.2

W0~ ater content v 4.4.5 %38.0% 33.7%

VoidU ratio e 1.202 1.025 0.911

C 0 Sturaion e 100.0% 100 -C 100.0%
Ro5.00 5.00' 5.00

AmI. Stan ater contet Ir 144.5 138.0 % 33.7 %
O -. Void ratio or 1.202 1.025 0.911

0 ar .0 .0 40

ton .. 259 -445 HIMdelt,07 132 .3
strV@SS/TI. ft 1(-1-3) 1.00 1.2.0 2.00

EJ. COL-aD/qU rt ie toftL &in Io f..L. 4S~- .L -5

- c co t u / n . 1 0 . 1 1 0 . 1 1
-C u Strain at ( - Q,)~j 47 S-7 4i.92

U~~v~or ft V64 ulo 07 1.09 2.32

11Contralad stai FInI beight, La. 
t~o 3.0 E.~ 3.08

T~ rtest R ITMi or xeSci Undisturbed

w cVisua Claaaiftati' Gray fat clay (CH) with a trace of sand
w . 58 nl 21 PI 37 -027

not equeted Gaillard Disposal island

a:InAres Foundation Material for Dike

___________ N.10+00 Snole No. -

1et Dot* 9 Nrhvember 1981

Figure 29. Triaxial compression test report on R tests for samples
of Sta 10+00 and 32.0 - 34.5 ft depth

69



I I

I0.0

2j V W I OI I 98. 98. 98I_ _

I . I I I*I : I - . I - -Ii..
I IOI I* ( I I I I I1 9 ,-- .- iI ,

4 1 r f O L R C

1 LiO t( CI * I ., I

7-7"= IAIOJ IEI O I T I

0 1 2s 3, 8 14 6.

0.15OO -S,~ 2.0 ..T. JLL '02
1 XA 1 YAN 1. 11IA 12OOSU 3I ~ 2.. L..2a.

IOO.L O sTra n. 7 / I0E IItAOO T X. I. I0 3.0 3.0 _III

Et.o.lO I.I L0 -
. . .. i 98 0 98.4 98.

0.1 L**ORA..RV0 C ,17228 -9

two~~~ ICR ,6 11-C . oeuS . 0 X .8 * T A UUIT E Ii 02- 9 6

.070

A- I -n nn t.---nn



00
'22

I
0a

NormL Stzs, a, 7/sq ft

2wa.ter Content vo ~I a i q i.Aq .
"-12.380 6.335 2.335

14. 49-R~ary

wbh a - 4-0 % 92-1L.&)..

V0 od rtio *e 1.702 1.387 1.078

00 ~saurtion S. 100.0 loo. c$0.

z Aia sran,% on T/va ft -- 15.00 5.00 5.00

H' W~'. ater content wt 64.0 5 2.1 % 40.5 %1
- -h. oi ratio ef 1.702 L.387 1.078

3~ ~~- LQQ.1l ~-q rtl8 .451(0-3) 0. 81 .32 2.31

pmj := M1' 0.11 0.11 .11

bac Pesur Strain at('rI-'r)na S.43 6.00 5.16

c ~ :3 t

M Of %Ot 2M Of 0? 5l Undisturbed

t= a Visual Classification Grav, fat clay (CHi) lw/a little sand

L. 75 nL 29 P7 46 G, C 2.66
z

Imrka projact

Theodore Siiip Channel
Gradation analysis Gaillard Disposal island

<.

Ujnot requested. Are Fou.ndat ion NMiterial for Dike

_____________________ Mi ~sta.No. 30+0 spe s - --

MAUUA CW== MT MW

Figure 31. Triaxial compression test report on R test for samples at
Sta 50+00 and undetermined depth

71,



3

00.

0. .00-=

01~E t0 112b3

At~mCOV---S-- --- H4-~II I I I I _ _ _ _ _ -I - 1V- _
* ~ ~ ~ ~ ~ ~ i 11,05* ~ d - - -

9 1 1~

Ca4AlO
__ _ _ __ _ - - -oCh Vl *706 - - -

M a

0 _

,cr 69 98. 228. 984.17 'O U5C

r Iuatd -- Iallr Dipoa Isla~~ .5

J I. I_,_._____A__06____ _,

ITI



00

20 4

ZCnorml Stress, a, T/sq ft

;:i
t !  

: ~~-- =, .

2 Wte otent mo 99.3 % 58. 7 61.2%

i -Void ratio e. 1 .6b51 1.65i 1.711

Saturgticin So 97.4 % 96.2% 96.9%
rry K-lity,63

F .b/Li ft 
7d n3.8 637 6.

water onatent 382 33-
.1.199 1.034 .897

s. .-. au tion v, I , ... % , 100.1 % nO T "

0 T 10 15 20 Final .'.. pe

2 ff. Van ft % 5Q.' 5.00 5.00___
z SWatrctet 1v: - .2% - 38.2 .33. 1 %

Shaer Str Paramters k id ratio e I I C14 .897

RtrpIPal . 2.00 40
t .... . .;. : It"3 1

0X~./qr .92 1.36 2.18

a ;,0 ,/sq f r.in to rftN lo, ILL! t1 0 45 40
-Rate. o st±0.

O ' % a C . ( O  7 . 4 4.2 9 . 4 4

Back Pressure .Strain at 5~~rn .13 4.78 44
c-c U4 -t--5,..lae ft vo.r - 3 33. -

......... rT,. 010 it... 1 ~ s 0 .5 06 1-5.

C. lrm," tta Initial dviater, in. ID 1.38 1.38 1.38
Initil be t, in. I it I,.8 3 3 .08 3.08

2"0 of test s Tye of tpecie ) U5.3 478 44turbed

Gray fa t - -la (01. with s in& .and

ce U ~' 71 -T 2. 71
zw G a a . tru ,n .ina 1 .

fl-a GrCa a c t Th L-y2it Ship Chnnel
2. *Aprn efe i eg A) i

2. Apparent effct ve ,Oh si , n iaill rd !)ispe:,al Island

quest ionable r e Ae IU nd1 :W.C M triaI for Dike. a= ipmluutat Ods.

Co jj~l No. 21,s.i( S,,1e No --

Figure 33. Triaxial compression test report n R test for samples of

Sta 296+00 at 32.0 - 34., ft depth

73

: ! - II II Il II II • d' I I • I/



99. Gradation tests were conducted on 42 soil samples taken) frcan the

dike fill and foundation soils. The gradation curves for these soil samples

are not contained in this report; however, they are available through the

Mobile District Office. Most of the soil samples selected for the gradation

tests were poorly graded, medium to fine sands with generally less than 10 to

15 percent silt and clay-size material.

Change in Soil Characteristics from Channel to Dike

100. There was a considerable change in the soil characteristics as

they existed in the channel before dredging and after they were barge hauled

and/or hydraulically pumped into the dike cross-section. An attempt was made

to construct the dike cross-section with land-cut materials that contained

primarily sand and stiff clays. The existing materials in the channel were

alluvial deposits of sands, silts, clays, and small amounts of oyster shell

and gravel. These natural materials were layered and fairly dense in the

land-cut and loose in the bay-cut with the clays being normally consolidated.

As a result of these materials being dredged, transported, and deposited as

dike fill, the density significantly decreased with a subsequent increase in

volume. It was assumed that the land-cut materials increased in volume, by

about 30 percent and the bay-cut materials increased by about 50 percent. The

sandy materials appeared to be cleaner, indicating a portion of the fines was

washed out during dredging and placement. Large piles of clay balls formed at

the end of the dredge pipes which required moving the hydraulic spill barge

more than when placing sand. The slopes of these clay ball piles was very

steep with repose angles of 45 deg. The clay ball normally ranged in size

from 2 to 4 inches in diameter, but occasionally balls 12 to 16 inches in dia-

meter came through the dredge pipe. As the photograph in Figure A20 shows

some of the clay balls were very large. The consistency of the clay balls

varied depending on the location from which it was dredged. The clay balls

formed from land-cut matarials were generally stiff and formed a surface firm

enough to walk on immediately after placement, while, clay balls formed from

the bay-cut materials formed a surface which required several days of drying

before supporting a man. All clay ball surfaces were hard after drying and

difficult to walk on. The clay balls surfaces cracked and weathered with the

clay balls breaking into small pieces filling the surface voids. Voids
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between clay balls below the surface were usually filled with sand, silt, and

shell.

101. It was suspected the natural soils might contain a high percentage

of Mootmorillonite clay minerals which would have a tendency to disintegrate

when resubmerged in water after it dried out. Considerable erosion has been

observed since construction along the outside perimeter of the dike at corners

of the island. The material used to construct the dike at these locations was

clay balls which exhibits a tendency to erode rapidly. The areas that were

constructed from clay balls could support vegetation quicker than areas con-

structed from sand. It was observed that if the clay balls were not allowed

to dry after dredging, they seemed to erode less rapidly. The soft bay bottom

deposits that were dredged by the Lenal Bean and deposited within the contain-

ment area formed a dry, hard, thick crust where the surface water has drained.

Proper management of the containment area would likely improve the strength of

the confined material and increase the containment areas long-tern storage

capac itv.

instrumentation

102. After the island was constructed, the Mobile District selected

12 locations along the dike alignment to be instrumented and monitored on a

regular long-term basis. A plan view of the instrument locations is shown in

Figure 34. Each location contained 12 surface settlement monuments, 12 deep

settlement rods, and 16 piezometers. The purpose of the settlement monuments

and deep rods was to determine the rate of settlement of the dike surface in

relationship to the dike foundation. The purpose of the piezometers was to

measure pore pressures in the foundation materials in the event of future dike

raisings. The only instrumentation data reported by the Mobile District was

settlement data from the 12 surface settlement monuments. This data is shown

graphically in Appendix F. A land and hydrographic survey was performed at

each instrument location. The profiles made from this survey are shown in

Appendix G.

Settlement or subsidence

103. The settlement observations for the 12 surface settlement monu-

ments are shown graphically in Figure 35. Presenting the data in this manner,

illustrates the linear relationship between dike settlement and time. This

relationship can be expressed as follows:
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S = c log t()

where

p S = settlement, in.

t = time, months (at end of construction)

c = constant (varies from 1.6 to 13.3 with an average of 7.5)

Equation (1) can be expressed in terms of settlement as a percentage of the

dike height as follows:

P = 100 c 1 log t (2)

where

C,= c/H

H = height of embankment, ft

where c I varies from 0.0083 to 0.07 with an average value of 0.04. An ap-

proximation of the average settlement of an embankment 16 ft high would be

about 4 percent of the dike height or 7.7 in. after the first year. Consoli-

dation of the dike and foundation materials will continue to take place for

many years before complete consolidation is achieved.

104. The data plotted in Figure 35 indicates a settlement at sta-

tion 253, of about 20 inches has occurred where the initial dike height was

about el +12 ft mlw. Of the twelve locations monitored, seven are continuing

to settle rapidly with an average settlement of about 14 inches/year. The

consolidation rate will decline with time. Five of the locations monitored

exhibited significant reduction in the rate of consolidation. Three of these

locations are near the west corner of the island, at station 8, 28, and 298,

which are in areas with considerably stronger foundation soils. One of the

other locations of low subsidence is on the east dike where the fill depth was

much too sha. low because of previously placed dredged material. The other

location was located in the area of the construction spillway which was filled

with clean sand.

Theoretical consolidation analysis

105. A consolidation analysis was performed utilizing the data obtained

by the Mobile District during the foundation investigation as part of the de-

sign phase. Table 6 contains a summary the consolidation data used in the

analysis. An example of the calculations used to predict the amount of
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consolidation for the embankment and foundation are shown in Table 7. The

stresses likely generated with the foundation as a result of construction, the

embankments were evaluated using Figures 36 and 37. The average coefficient

of consolidation was estimated to be 0.015 ft 2per day based on MDO laboratory

consolidation tests. Because of the relative thickness of the soft foundation

soils, an assumption of one-dimensional drainage was used. Consolidation

within an embankment 16 ft high was predicted to be about 31 inches while the

consolidation of a 31 ft thick soft clay foundation soil, was estimated to be

about 78, for a total settlement of 109 inches of about 9.1 ft. Included in

Table 8 are values for the percentage of consolidation, U; time factors, T;

and example calculations for the rate of consolidation. A theoretical consol-

idation rate curve is shown in Figure 38 with the range of actual dike for the

first two years shown. It was estimated that it may take over 800 years for

complete dike and foundation settlement to occur.

106. Figure 35 shows a plot of the predicted consolidation values and

the measured settlements. The predicted curve and an average of the settle-

ment values are in good agreement. Consolidation predicted at the end of con-

struction was about 5.5 inches, where t 0equaled about two years. The average

settlement measured two years after construction was about 7.7 inches, which

makes a total of 13.2 inches. This value represents about 10 percent of the

total predicted consolidation.

Embankment Slope Stability Analysis

107. A slope stability analysis was conducted for a typical dike and

foundation cross-section shown in Figure 39. The analysis was made assuming

end-of-construction strength parameters and loading conditions. Shear

strength data used in the analysis is summarized in Table 9. Shear strength

values selected for use in this analysis was based on laboratory and field

data, in addition, considerable experience with projects in the area. The

cohesion value selected for the silt embankment was 0.005 tsf with an angle of

internal friction of 13 deg. The cohesive strength selected for the embank-

ment foundation was 0.05 tsf and an angle of internal friction of 0 deg. The

results of the stability analyses are shown in Figure 39. As shown in this

figure, the minimum factor of safety was computed to be 3.06 and the next

lowest safety factor of 4.99. Both of these slip surfaces were tangent to
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-9 ft mlw which corresponds to the dike and the foundation surface. Based on

the relatively high factors of safety from the stability analysis and the fact

that the embankment has not failed within the two years since construction,

chances of failure are not likely.

Embankment Protection

108. Significant dike settlement and erosion could result in a failure

of the retaining dike with a subsequent loss confined dredged material.

Should a dike failure occur, the soft confined material area would probably

erode very rapidly; therefore, it was proposed that the east dike and the

north and south corners of the island be protected with a 4 ft high, embank-

ment sloped to 1V on 3H and protected with riprap. A cross-section of the

proposed embankment is shown in Figure 11. It was also suggested that select

marsh grasses be established on the west and south dikes and the west corner

to resist erosion.

109. Immediately after construction of the first phase of the perimeter

dike, successful vegetation plots were established. After the perimeter dike

was completed, continued experimentation was conducted by the WES to develop

proper planting procedures and techniques. Construction of a riprap and geo-

textile protected embankment is presently proceeding on the perirreter dike at

Gaillard Island.
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PART VIII: CONCLUSIONS AND RECOMMENDATIONS

110. It is concluded that the dike design and construction techniques

employed in building of Gaillard Island area were satisfactory. During con-

struction, the embankment experienced several small localized displacement

failures and mud waves that caused the soft bay bottom clays to mix with the

new dredged material. Slope stability analyses were conducted on a represen-

tative dike cross-section and it was concluded that a minimum factor of safety

against a rotational failure of 3.06 existed. Vegetation has been planted to

enhance erosion protection. A riprap dike is presently being constructed to

prevent overtopping of the constructed dikes.

111. Based on a consolidation analyses of the embankment and foundation

soils it is estimated that over 800 years would be required for consolidation

to be complete. Average settlement of the dikes two years after construction

was about 13.2 inches. Laboratory consolidation data coupled with conven-

tional consolidation analysis was found to adequately predict the settlement

of the embankment.

112. It was concluded that without the data base management system

(DBMS) designed by WES, it would have been extremely difficult to handle the

828 days of data generated from the three dredges. Use of the DBMS made it

possible to record and present the dredging records in a usable form. In

addition, the DBMS made it possible to monitor the volumes and percentage of

sand, silts, clays, shell, and gravels that were excavated and filled in each

leg of the island. Retention rates of the total volume of dredged material in

the dike and containment area was about 61 percent. The 39 percent unac-A

counted for the total 33.5 million cubic yards of dredged material was not

unreasonable since 95 percent of bay-cut and 52 percent of the in channel and

turning b)asin material was of fine silts and clays. About 20.6 million cubic

yards of dredged material was estimated to have remained in the island during

construction and about 12.9 million cubic yards was unaccounted for.

113. There was a considerable differencc in the consistency of the

channel-cut materials after they were barge hauled or hydraulically placed in

the dike. Stiff clays that formed into clay balls as they rolled along the

dredge pipe made good construction fill material which formed dike slopes

greater than IV on IH. Sand, silts, and loose clays usually filled the voids

between the clay balls, thus providing for a stronger and more impermeable
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dike. It was found that clay balls from stiff clays could support some loads

immediately after placement. The clay balls ranged in size from 2 to 4 inches

with occasional balls as large as 12 to 16 inches. After the clay balls dried

they became very hard and cracked and weathered with a subsequent filling of

the surface voids.

114. The dikes made from clays, silts, and sands varied from an average

slope of about LH:32H to IV:45H. Dikes constructed primarily from sand varied

from an average slope of 1V:53H to IV:61H. Dikes constructed from clay balls

had more identifiable scarped slopes which eroded more readily than dikes con-

structed of sand. Slopes of dikes made from clay balls supported vegetation

better than slopes constructed from sand. Sands hydraulically placed usually

appeared to be very clean which indicated the fines were probably washed out

during placement. Since the completion of construction in August 1981, sig-

nificant erosion has occurred on the outboard slope of dikes at the island's

three corners.

115. It was concluded that the barge haul method used to excavate sand

and stiff clay was successful. The dust pan dredge was effective in excavat-

ing the soft clay deposits in Mobile Bay.

116. It is recommended:

a. The Mobile District implement a dredged material management
plan to preserve Gaillard Island as an area for future storage
of maintenance dredged material. Since dredged material con-
tainment areas are limited in the Mobile area, it is important
that this disposal area be properly managed.

b. Continue to monitor the settlement monuments at intervals not
to exceed once a year.

c. The DBMS should be utilized in determining contract estimates
and to document the dredging operation and performance. The
DBMS should be used to record the type, volume, and geotechni-
cal classification of the dredged materials.

d. The Corps of Engineers should encourage the contractors to
maintain and provide more accurate records of material vol-
umes, cut and fill stations, and soil types.
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Table 1

Dredgea Material Placement and Construction Sequence

Placement Dates Dike Fill Stations
Start Stop Start Stop

JIM BEAN DREDGE

29 Nov 79 12 Jan 80 268+00 231+00
13 Jan 80 20 Mar 80 292+00 47+00
20 Mar 80 16 Apr 80 47+00 7+00

3 Jan 81 27 Jan 81 302+00 310+50
31 Jan 81 18 May 81 1544+00 231+00
19 May 81 15 Jun 81 231+00 268+00
17 Jun 81 28 Jul 81 291+00 273+75
29 Jul 81 28 Aug 81 254+00 228+00

DAVE BLACKBURN DREDGE

8 Jan 80 12 Jan 80 291+00 291+75
13 Jan 80 24 Feb 80 231+00 203+00
27 Feb 80 9 Apr 80 253+50 275+00
10 Apr 80 29 Apr 80 274+50 253+-00
30 Apr 80 17 May 80 253+00 235+00
18 May 80 15 Dec 80 61+00 164+25
16 Dec 80 5 Jan 81 50+00 65+00
6 Jan 81 26 Feb 81 52+00 ~ 3+00
2 Mar 81 29 Mar 81 305+75 290+00

30 Mar 81 6 Jun 81 53+00 157+00
7 Jun 81 28 Jul 81 73+00 109+00

LENEL BEAN DREDGE (DUST PAN)

13 Jan 81 104+00
28 Jan 81 88+00
14 Feb 81 71+50
25 Feb 81 52+50
5 Mar 81 34+00

18 Mar 81 14+-00
25 Mar 81 43+00
29 Mar 81 26+00
2 Apr 81 64+00
2 May 81 117+00
7 May 81 25+00

BARGE HAUL OPERATION

20 Oct 79 29 Jan 80 26+50 49+50
8 Jan 80 8 Jan 80 26+50 24+00

31 Jan 80 13 Apr 80 60+00 102+00
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Table 3

Dredged Material Volumes, Soil Types, and Percent Distribution

Volume
Million Soil Type, Percent Distribution*

Location cu yd Sand Silt Clay Shell Gravel

Barge Haul Cut Operation

Landcut 2.3 35 15 49 0.3

Hydraulic Dredge Cut Operation

Jim Bean - Landcut 0.9 48 1.7 47 -- --

- Baycut 6.9 29 7.5 60 1.0 0.1

Dave Blackburn - Landcut 5.3 32 17 50 0.4 --

- Baycut 7.4 20 23 55 1.4 --

Lenel Bean - Baycut 5.3 0.1 5.6 69 25 --

Total Volume 28.0

Hydraulic Dredge Cut Operation

Baycut 19.6 18 13 61 8 --

Landcut 6.1 35 15 49 0.3 --

Total Volume 28.0

Barge Haul Fill Operation

South Dike Leg 1.1 35 15 49 0.3

East Dike Leg 1.2 35 15 49 0.3

Total Volume 2.3

Hydraulic Dredge Fill Operation

South Dike Leg 9.1 21 21 56 1 --

East Dike Leg 4.3 38 9 53 0.4 0.2

West Dike Leg 7.0 28 14 56 1 --

Inside Dike Containment Area

(Lenel Bean Dredge) 5.3 0.1 5.6 69 25 --

Total Volume 28.0

* Soil percentages estimates because of lack of good daily records of soils

types and percentages.
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Table 5

Vane Shear DataGCallard Disposal Island

Elevation Field Vane Shear Strength, tsf
Boring No. Location mlw Not Corrected* Corrected**

TDI-3-81 sta 10+02 -23.84 0.34 0.27

TDI-9-81 sta 50+C -14.72 0.13 0.10

TDI-12-;i sta 70+00 -16.39 0.12 0.10

TDI-15-81 sta 113+85 -12.40 0.17 0.14

TDI-18-81 sta 140+00 -13.31 0.21 0.17

-17.71 0.39 0.31

TDI-22-81 sta 169+97 -14.96 0.07 0.06

-18.96 0.23 0.18

TDI-26-81 sta 200+00 -14.61 0.07 0.06

-19.61 0.13 0.10

TDI-34-81 sta 282+26 -18.60 0.03 0.02

TDI-37-81 sta 300+00 -26.5 0.13 0.10

Vane shear testing conducted between Sep 1981 and Nov 1981 (after fill

completion)

** Corrected by BJerrum's recommended curve (Ref. 3) for average PI of
50% from which a correction factor of 0.8 was obtained.
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TABLE 'I

Consolidation Calculated fir Inibankment and Foundation

A. F2Irbiwkinetnt. toIsolidat ior

lt'-: .-ur' qt p A =(f ft) (loo pri') + (I t't) (31.5 pef) = 738 pcf

}1 A 0 O. 3 f TtSF

From atlove e, 2.6 and e = eo = 3.3

eoigolidat -A2 = I 16(" ) 2.6 ft or 31 inches
I I + e. i + 3.

B. Foundat i o Conrtoli dat ion

ri-sine at Dike Base PL = (7 ft) (100 pe) + (9 ft) (37.5 pcf)

P1 
= 1038 Isi

Where a = 800 ft, b = 10 ft a/Z = 800 It = 51.6 > 10; bIZ = = 0.65

15.5 ft 15.5

Fris, lte IIfl e:e Chart 5-5 oi' IJAV FAV 7.1, 1 = 0.33

'I'hn the Dike Vertial ;tress at B = O = zi, = (2) (0.38) (1038 psi) = 685 psf

yrbur~le lrso;ure from Bay 11ottom Materials = 0 = (15.5 ft) (25 pcf) = 388 psf

"ua sf rossure at 1'B = P O = 338 psf + 685 psf = 1073 psf or about 0.5 tsf

I['-m 'tabLe Above e 1.3 and e L. 1
0 2

e - e

'I1l ' 2) 31(13 2-A) = 6.5 ft or 761 inches'l 'l l ,L + el = t1 ) = 1 + 3 .3

'T',Ll io,. ilatiton of Dike aid Fonudation = 31. n. + 78 in. = 109 in. or 9.1 ft
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TABLE 8

Theoretical Consolidation Analysis

Perceio Time
Consolidation Factor Time Consolidation

% T Days Years Inches

5 O.Oo4 628 = to 2 5.5

10 0.01 1,470 4 10.9

20 0.035 5,150 14 22

4o 0.125 18,410 50 44

60 0.26 30,290 105 65

80 0.55 81,000 222 87

90 0.8 117,800 323 98

"0 2.0 295,000 806 109

T to C,

W- r

S3. 31 /ay consolidation coefficient

= io ft, :,eight of dike

} . = 31 ft, tioiceness of 2i%,; layer

- = o 15 s, 2)nsolidatizn period

,? i ay#s ,_.D , ft' ay - 0.00.1'6

,!' * 31,,

t+

:, 1'- ?).0. = ! ays

*,e- Figure 3o Du:e: -AO-FAC 4*M-Fig u-6)

95



Table 9

Shear Strength Test Data

Field Vane Laboratory Tests

Corrected uu cu Drained
Boring No. Vane Strength (Q) (Q) (R9 (S)

TDI-3-81 0.27 0.05 0 = 14.5 0 - 24
c- 0 c 0

TDI-9-81 0.10 0.06 0 10.5 0 - 23.5
c .20 c= 0

TDI-12-81 0.10

TDI-I 5-81 0.14

TDI-18-81 0.17
0.31

rDI-22-81 0.06
0.18

TDI-26-81 0.06
0.10

TDI-34-81 0.02

TDI-37-81 0.10 0.05 0 - 10 0 = 20.5
c - 0.20 c - 0.10

Mean 0.13

Selected Shear Strength Design Data
Density Q R S

Soil Type Description fYdeg (deg) Csatf)
___________tj L _____________ _ _ ksf deg (ksf) 

0
d) C(ksf) 

0
dg

Silt sand loose 110 0 26 0 19 0 28

EM Silt none plastic and loose 110 0.01 13 0.01 13 0 20

FN Clay very soft 110 0.10 0 0.20 10 0 20
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APPENDIX A: PHOTOGRAPHS OF CONSTRUCTION SEQUENCE AND TECHNIQUES

1. This appendix is included to illustrate photographically the con-

struction sequence of Gaillard Island Dredged Material Containment Area.
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Figure Al. Hydraulic model testing conducted at IS to

determine optimum islid Thope

Figure A2. Downtown mobile showing congested harbor facili-

ties looking north along Mobile River
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Figure A3. A view of the mouth of Deere Creek looking west
at Theodore, AL, before construction

Figure A4. A view of the mouth of Deere Creek looking west
during dredge operations for the Theodore Industrial Park
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Figure A5. A view of the barge canal looking east toward the
mount of Deere Creek, the Theodore Industrial Park, and the

ship turning basin

\

Figure A6. Dragline sitting on the bank excavating material
from the ship turning basin and loading it onto a barge used

to haul material to Gaillard Island

A4

/1 -



Figure A7. Barge load of material being positioned along
spud barge and dragline used to unload barge material along

dike alignment

Figure A8. Dragline dragging material from barge to con-
struct the first four feet of perimeter dike
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Figure A9. Looking east toward the mouth of Deere Creek show-
ing the Dave Blackburn dredge excavating dredged material from

ship turning basin

Figure AIO. Dredged material being discharged along the dike

alignment from a specially constructed discharge barge

A6
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Figure All. Construction of the dike during the initial

placement of dredged material

Figure A12. A ground view showing dike construction and clay
balls after the dike has achieved a height of about 6 ft
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Figure A13. An aerial view looking north showing dike con-
struction during the first pass

A'

Figure A14. A ground view of the dike after the first pass
showing the flat natural beaches and the rapid accumulation

of drift wood
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Figure A15. An experimental vegetation plot planted after the
first pass of dredged material

- S6

Figure A16. An accumulation of clay balls that stacked up in
a mound with I on 1 side slopes
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Figure A17. A vertical scarp near the shoreline caused by
erosion
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Figure A18. Clay balls that have dried out above the

shoreline
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Figure A19. Clay balls embedded with reef shells experience
erosion along the shoreline

'6

Figure A20. A very large clay ball that survived through sev-
eral thousand feet of dredge pipe
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Figure A21. Very soft plastic clay ball found along the sandy
beaches

Figure A22. Clay balls located away from the shoreline dry

out into very hard pieces that are difficult to break
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Figure A23. Stiff to very soft clay balls and sand found
along the beaches withstand erosion very well

Figure A24. Lenel Bean dust pan dredge that was used to
dredge very soft dredged material from the channel

A13
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Figure A25. Dust pan dredge depositing dredge material into
the southeast corner of Gaillard Island with discharge barge

shown in center of photograph

Figure A26. Quality marsh dragline constructing a small dike
along the crest of the main dike to prevent dredged material

from the dust pan dredge from reentering the channel
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Figure A27. Dust pan dredge dumping dredged material into
Gaillard Island containment area

~1K

Figure A28. Very soft clay balls dredged by the dust pan
dredge
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Figures A29. Close-up view of the high pressure water noz-
zles located in the cutterhead for the dust pan dredge (nicz-

zies were not used on this project)
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./. SUN REFLECTION

Figure A30. An infrared aerial view of Gaillard Island looking north two
months after construction completed, Mobile Ship Channel located to right of

the island
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APPENDIX B: DEVELOPMENT OF DATA BASE MANAGEMENT SYSTEM AND DATA
COLLECTION PROCEDURES

Introduction

1. When WES began to document the design and construction activities at

Theodore Industrial Park on 21 May 1980, the contractor had been working

364 days on a contract that would eventually last for 828 days before comple-

tion. The contractor was providing the CE with large volumes of dredging

records and survey reports that were difficult to collect and file, and were

almost impossible to evaluate and analyze very rapidly. Therefore, the WES

devised a very simple method of cataloging the dredging records by transcrib-

ing the data into a data base file that could be accessed very easily by a row

and column matrix.

Data records pro-
vided by the contractor

2. Four daily reports were submitted to the Mobile Area Office by the

dredging contractor and one daily report was supplied by the CE inspector.

Reports submitted by the contractor consisted of a Dredging Contractor's Daily

Inspection or Dredge Operation Report (DOR) (MOB Form 720, Figure B-1); Con-

tractor Operation Report (COR) (MOB Form 4267, Figure B-2); Contractor Inspec-

tion Report (CIR) (MOB Form 696, Figure B-3); and during the barge haul opera-

tion, the contractor submitted a Drag/Haul Operations Report (Figure B-4).

MOB Form 720 was prepared for each of the dredges by survey personnel and

approved by each of the dredge boat Captains before being sent to the Dredge

Civil Engineer who was located in an office trailer on shore. The Dredge

Civil Engineer then prepared an MOB Form 4267 on each dredge and one CIR (MOB

Form 696) that summarizes the entire project daily activities, including the

barge haul operation reports.

3. All equipment, attendant equipment, personnel, dredges, dredge cut

and fill stations, classification of materials being dredged, production

rates, time worked, fuel, oil and water, meteorology, etc., are items reported

on a daily basis in these reports. To more effectively manage these data, the

Theodore Ship Channel Dredging Data Base Management System (DBMS) was devel-

oped and these daily records were transcribed into the system. A schematic of

the different data files organized for this purpose is shown in a flow chart
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in Appendix B, Figure B-5. Each of these categories will be discussed in the

following paragraphs.

4. Dredging history file. The dredging history file was initiated by

the Mobile District several years ago and information recorded for each dredg-

ing contract was used to estimate anticipated future dredge work projects.

Information for this file was recorded on 5- by 7-in. cards and kept in the

Construction and Operations Division office files. The dredge history file

developed for the Theodore Ship Channel DBMS is shown in Figure B-6.

5. Geotechnical data file. Prior to design and construction, an ex-

tensive subsurface investigation was conducted by taking borehole soil samples

in the land cut and bay cut areas of Theodore Ship Channel and the ship turn-

ing basin by the Mobile District drill crew. Borehole samples were also taken

along the proposed dike alignment for Gaillard Island. Soil samples were

recorded by borehole number, depth, and location, and then were classified

before being sent to the soils laboratory for further testing. Because the

geotechnical data file was so large it was not shown in this report but is

available on magnetic tape files stored at WES. A sample format of the file

stored at WES is shown in Figure B-7.

6. Bid schedule results. The bid schedule results for the dredging

contract consisted of the Government's estimated cost and a list of the

three lowest bid prices for each work item shown in Figure B-8. The lowest

bid ($29,430,910) was submitted by T. L. James Dredging Contractor. After the

bids were opened, the low-bid contractor claimed a mathematical error in his

bid calculation and submitted a second estimate with the corrected figures.

After several months of deliberation, the Mobile District refused to accept

the corrected bid. The second lowest bidder was Bean Dredging Corporation

with a bid of$48,971,921. The Mobile District advertised the contract on

6 July 1978, opened the bids on 29 August 1978, but because of the controversy

with the lowest bidder, the contractor was not given notice to proceed until

3 May 1979. During this delay, fuel cost began to escalate because of the

OPEC fuel crisis in the Middle East. Land cut Lxcavation was bid in at a unit

price of $2.216 per cu yd and the bay cut excavation was bid in at $0.88 per

cu yd.

7. Plant and equipment schedule and attendant plant and equipment.

During the early stages of cataloging dredging data, the main plant and equip-

ment was listed in the plant and equipment schedule and attendant plant and
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equipment. Figures B-9 and B-10 show a listing of the type information

obtained on each plant and major equipment associated with the dredging

operation. Collection of this information was too time consuming and was not

within the scope of work for this report; therefore, it was agreed between WES

and the Mobile District that this part of the DBMS for Gaillard Island would

be discontinued for this project. Figures 11 and 12 are the complete data

collection format of all dredge operation data that was collected and stored

on magnetic tape at WES. It was decided by WES and Mobile that these data

were not in the scope of work for this report. The data and program can be

used f or future projects if it is deemed necessary.

8. Meteorology data. The daily weather was reported on the CIR and

these data transcribed into a meteorology data file shown formatted in rows

and columns in Figure B-I. These data were taken directly from the Mobile

Register newspaper by the Dredge Civil Engineer who was responsible for f ill-

ing out the CIR. The weather reported in the newspaper comes from a weather

station located at Mobile Airport, 10 miles west of Mobile. The CIR's are

sequentially numbered and dated from the beginning of the project; all data

files are referenced to these numbers. The meteorology data file includes

maximum and minimum tidal fluctuations, maximum and minimum temperatures,

variation in accumulative precipitation (24 hrs), visibility, sky conditions,

wind directions and velocities, and wave heights. Where data are not shown or

zeroes appear, data were not reported on the CIR. A note of what the abbrevi-

ations at the head of each column stand for is shown on the first page of Fig-

ure B-I. A weather classification was assigned by the Dredge Civil Engineer

each day, based on the effect the weather may have had on the performance of

the contract work. An explanation of these various classifications (A, B, C,

D, or others) is shown in Figure B-3.

Hydraulic Excavation

Dredge operations

9. Jim Bean. The dredge Jim Bean began dredging on 29 November 1979,

190 days after the contractor was awarded the contract. During the first

190 days, the contractor was clearing and grubbing, moving buildings, building

a work area, surveying, and welding dredge pipe together. Data were tran-

scribed from MOB Form 720 (DOR), MOB Form 4267 (COR), and MOB Form 696 (CIR),
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and printed in the format shown in Figure B-2. An explanation of the abbre-

viations that head each column is shown f or each of these tabulations.

Tabulation of the data in the format shown was agreed upon by both the WES and

Mobile District engineers as the most convenient and useful format to quickly

analyze the data. The DOR numbers for each dredge represents the number of

days the dredge worked. The Jim Bean dredge was absent from 17 April 1980 to

3 January 1981 when it was sent to Tampa, Florida. The Jim Bean worked a

total of 380 days. Most of the columns in the format printed in Figure B-2

are self explanatory.

10. Dave Blackburn. The data base file format for the Dave Blackburn

dredge is essentially the same as that written for the Jim Bean and shown tab-

ulated in Figure B-3. DOR No. 1 began on CIR No. 230 or 230 days into the

dredging contract. The Dave Blackburn dredge began work on 8 January 1980 and

worked on the Theodore project until 28 July 1981 (568 days) moving more

dredged material than any of the other dredges during the project.

11. Lenel Bean (dust-pan). The data file for the Lenel Bean dredge was

the same as the file for the Jim Bean and Dave Blackburn. The Lenel Bean be-

gan dredging on 22 December 1980, 579 days into the contract and completed

dredging on 7 May 1981, 139 days later. Records for the Lenel Bean dredge are

shown tabulated in Figure B-4.

Mechanical Excavation

Barge haul operation combined

12. Dredging records from two land-based dredges and a floating bucket

dredge used in the barge haul operation are shown combined in Figure B-5. All

land-based draglines loaded barges-listed as barge type VII; the floating

bucket dredge loaded barge type VIII. The barge haul operation began 20 Octo-

ber 1979 on the 132nd day of the contract and worked continuously until 7 Aug-

ust 1980, 310 days later.
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7 ...2.L..-Inch Pipeline Dredge ,5"t,3c ,e4. (.,

I Date r .8 A, Poarer -' ork HP r04 or

OMiYAL DATA

Dat. or period .8-2 -90 Character of v.orks qrZtZR x or ew or

Tiact location of work:t ,.sO, az, - ,j"

Averae depth (feet and tenths) before dredging - /3 &f fter dredg ng - Z-e

Character of material and percantage of eacho Gravel Sam 2o Clay 7.--

Hud Silt JH rdpa _. Ston Shell Other

Number of shifts worked per day: Z Number of persona in crew:

Weather: V-Z / /zsCAT~taae0 g fljd4

TODAY THIS M3HTH TODATE

NET !AR.DAGE ............................. 5. 17 - 4 oh, $0 z

ATTLA..T PIA T

Dredgine Ranges rstabl! shed br Contractor
TIM u;les au , Fixed, Etc., ~ '

Are adequate controls beirg m24ntained to provide proper dredge cut and lieit, of swoil
disposal, as reflected in the Special Provisions of the Specifications under paragris anti
tied LAYOUT OF WORK? Tea No
Location in reference to GovLrnment-estaolished ?anAes: , - jJ. ,c r -

aI2_-Sj: Elew. Base Crown Nuter, type and location of .:aste -.eirs
Are dikes being maintarnea? -' Is all"spoil material beir .g retane6 witnin oiked area?

likes constructed this date:-ocatioq, ae Ler.gtn in ft._

jRffl.: Designate area being use; . ,.i C.E 4-

SAFeTYi Are daily Safety Surveys made of dredfe and attendant plant? Yes No
ry-whom? Name A ;=- A - Title q,.,pg- Deficiencles Noted- j

Deficiencies Corrected_

7erbal Instrictions Received: (list ar-% instructions given by Gov't Personnel on dprircen-
cdes, etc., with action W be aken.)a

Cndltltnt differn- in anv respect fro' those inc'c t.'d .n Lb, ?'-9 -., or ,'n .. e

Namse of Contractoarfn.- 4  ~ C nt. o~ - '41e &A,/ c . - o_ -. ,i-J

C N PACTOR'S C-TIFICATiO;; I certify that lhe ;tove rei-rt Is co-pio'e ani corr,-:t asr
thot all material and eqjir.ent used and work .er'-jz -l .rine this re;ortlr.lg F-rio ,ere
in strict compliance vith the Contract Plans ard -;.clflatlons, eXcept as noted au Jve.

Figure Bl. Dredging contractor's daily inspection report, dredge operation

report
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REPOR -T OF OPE RATIONS-1i .El INE. LIPER OR BUCKET DR(DGEt -

t"10 Fp ROM IX

DREDG "01110R.S 0

.. #LUA.IM -*CI. PI"

AND mAe IOCIH...-d .... I

PROJECTV JOIF~.

CHARACTER I_____P, - I-

OF -

MATERIAL ;aOO(*

CH1ANNIJ~E AVERAGI~b woIRI www 
4  

INMU 0w RRG . QIQ I

CONDITRIONGTIM

'0T[. LIMITCE DATE10 EFFECIVE WORI0 TIME o-

~AIAEP;IDTf lPE,,;, - -E PPE,'v u ___ pu ,.;; 6i .D -E6IN

TOT ALA LENGTH- OF DISCHEARCGE PIPE PEHANDLING PIPE I NES

AvFRACT LVT FEET ,- AND-ING ANC-H R LN
AVERAC.E PUPSPEED I'M .j.2 CTAIG PIJA P AND PIPE LINE

AVG DREfDGED PER PImp mi. GROSS CUI YOS CLE APING CiT-TEP ORSUIN HE~j6 AD~

ST-'ZS LOCADD R____ W.TIG OESCWS-

AvERA.GE LOAD PER SCOW ICU VDIS TO AND FROM WHARF OR ANCHORAGE

CUSIC YARDS REMOVED CHANGINGd LOCAiTION OF PLANTf ON 108

AMOUNT CDREDGED THIS PERIOD: LOSS DUE To OPPOSING NATURAL ELEMENTS

11) GROSS Tu~ OS DUE TO PASSING VTS5TLS-

121 CREDITED ' , pl SHR7IEADSOEWR

AMOUNT PEVIOUSLY REPORTED- AiTN OR ROO6S TEFR

II GROISS T...d..1 L3 / MINOR OPEN REPAIRS ,,pL,.. E

121 CEL,,I D ',. p.,) wAIING FOR A ITTENDANT PLt

AOTI. AMOUNT DREDGED TO DATE PkzTAEiATION; AND MAE1VNG UP- TOW.-
III GLOSS "...... d..' -Z A-~T.NSTTWING P4N RWEEN woRKs

721 C 6 11 ED '*V.y LA711i OFF SHIFT AND SATU-DA-S

ATTENDANT PLANT SU~DAlS .DWE DAI

'F *A.1 OFNLME - CIaS- FI'E DRILL

* - iOcAL 4-04 tFE-~ 114CRING TIj'T

- -_____ - / PC' OF NO-N El"! :11, fT IlAj 1I.

-- I fTOTiAL L'"ST-,l NID '0-FLi

- IS

),7,~ - LrT k

- - - -- ~ ISCTLLANfOIS .

N -nI c, ;-l TIC HiiOc .11- T11 I ~ i,4 OTA-L LOST TIME

UL 04t 877-1 l....I... .. , 1EN

Figure B2. Report of operations sheet
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CONTRACTOR'S OAILY INS'"CTION REPORT 1°' S Thursday- ' T a

(ER 1a0-, -6. didl 0Ju-. .. Pi,,6 6 28 Aug. 198 1' 463
CoNISAC I tsu.C *0 AN A'*& 0' €O.ISACTCS |oisci*no CS ALOCA 1,O, 0W 91,4 SOBco Tfa T to"^a.. .•.%crot o~;. N&a cro

Dredging in bay sta. 210+00 to sta. 274+00

C.F.Bean Dredging Corporation hand cut sta. 274+00 to sta. 382+44 dumping

DACW01-79-C-0135 with spill barge.

WEATHER CLASSIFICATION- r .assCavo,.:

CLASS A NO intefruptions oe any kind rom weather codtio s occurring on this a previous A
ShrfS. CLAsS

CLASS S Weathe( cccurred during this shift that Caused a Comlplpete stoppage Of Ill work.

CLASS C V*ether Occurted during this shift that Caused a partil stoppage of work. T I[ 5A5Unit

CLASS D 'eater overhead eucellent or suitable during shiUl. Work completely stopped

die to results of previous adverse weather. 70 , 87
CLASS E Weather overhead excellent or suitable d rtng Shift but work parirally stopped

due to previous adverse manner.

OTHER Explain. 0.05

CONTRACTOR.'SUBCONTRACTORS AND AREA OF RESPONSIBILITY FOR ,VORK PERFORMED TODAY (Attach list of

itemrs ot u e l u ent either idle or wo:u.ng as appropriate.j

a. C.F.Bean Dredging Corporation-Dredge:Dave Blackburn,Booster:Bean 124,Bean #25,Bean

b. #3, Tugs:Quarter Horse,Chiet Corum,Tim Millet,Ken Mar lI,Crane Barge,Anchor Barge

yV22,Ancrior 3,A Frame Skiioter 60r,Anchor #61,Fuel F4USprIL barge v. ,T-.Sp111 barje

0. BT&.Spud Barge M-508,Deck WFR,Deck TRAC,Deck F M.,Deck TTAC,KS 522,Equip. D-5 Cat.

a. 3900 Manitowoc, 88-B Pettibone, D-5 Cat Carry All, Crewboat Peter T.

. B)MaHarrey/Houston-Manitowoc 4600 dragline.
C)Batson Turf Farms-Grassing.

'. .::RK PERFORMED TODAY: (Ondilate Iociahon and oescr#f,fon ot work performed. Refer to work perIDfrd by Jp,n

arKlot suOcontraCtOrs by letter in ra le a xve.)

Established reports,worked on quantities and drawings. Took check section in side

disposal area. Spill Barge with Dredge Dave Blackburn dumping on South Leg Phase I

Sta. 98+00. Bean 03 in pipe yard loaded on to barge. Took X-Section for Dredge cut.

Pipe Yard welded on Bean #3. Worked oA rock box.

2. TYPE AND RESJLTS OF INSPECTION: (Irocate sreene, p-Pipa:atory. I.in,iial. 0y F -Fc.r.- atC , aC.,ae

sal,$tactoy work cc' reteo o detcenCies -,ih actor. to be tamen.

P. Cloudy, winds S. Easterly 6-12, seas 0-3, rough, visibility 10 miler.

3. TESTS REQUIRED BY PLANS AND'OR SPECiFICATIONS PERFORf.SED ANC qESULTSOF TESTS

none

Sh-rt 1 2

Figure B3. Contractor's daily inspection report

B7



4 VILRBAL IlrSTRUCI IONS REIVEO: fLIIt In -n1tiuCtiOn gi'-n - ov GO en' 1 P
l

sonnt o COnsituG' On oeic,enc,.,
r emsfng eqz'e0d. eli ,fn &ctIon to &I. teen.

none

S. REMARKS ICoVeV any COnfli'Cts In tans. Uplhcataons oI insituclions. aCceptabiity Of incoming -0at1s",. ot$ute
surveillance d4ivites. progress ot worA. delays. cuses and extent theeof. days Of no ,oth with reasons to: sa-.e

Inspector on jobsite Mr. W.J. Brewton. Mr. Ad Dekluiver, Mech. Eng., Mr. G.J. Alber
Maint. Mgr. Bean Dredging Corp., on jobsite.
Mr. Bob Hurt, Louisiana Dock, on jobsite this date.

6. SAFETY: (include any inftactions of approved safety plan. safey manual or nsiruct,ons trot Gorernient personnel.
Specify COreClive aCtion taken.)

none

2 ; . . f

CONTRACTOR S CERTIFICAIION I ltt, ia , o el' rliict ;el- .- t d , at. -: l .11 lr a;
and equpmcnt used. orL Nsiorred and tests conducted durtn this itritin; rcrod re in %-i1t comrlance

tith ihe conliiact plans and *ptcifications except as noted 31e.

Donald J. Earras, Froject Engineer

Sneet 2 of 2

Figure B3 (Concluded)
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T. DREDGE OPERATIONS-JiM SEA

CONTRACTORS DREDGE DATE DREDGE NAME CREW MDERS WORK SC-EDULE DREDGING - STATION -CUT

INSPECTION OPERATION DREDGE SHORE OTHE ShFrCTS DAYS SIDE

REPORT REPORT PLANT PER START ST12P

(CXL! WE

NO. NO. NO. NO. STA. STA.

DISPOSAL FILL CHkACTER OF CUT MATERIAL TOTAL CHANNEL CONDITICS

FILL FILL CLAY SAND SILT SHELL GRAVEL DAYS AVE!A3E DEPTH MINIMY.I SCUNDING

START STOP WORKED BEFORE AFTER BEFORE AFTER
DREDGING DREDGLNG DREDGING DREDGIN,

STA. STA. ._ % % % % MLW P41W ML'" MLW

WORK PERFORMED
AVG ADVANCE FLOATING SHORE AVERAGE AMOUNT BANK PONTOONS PIECES NIFPLES ELBOWS UT'B'ER HEIGH.

WIDTH THIS PIPE PIPE PUMP DREDGED CUT OF LINE OF

CUT PERIOD SP THIS PERIOD PIPE DICPAEGE

FT FT FT -RPM CY YD FT "NO NO, ' NO fT FT

4 DISTRIBUTION OF TDIE AND FUEL
HANDLING HANDLING CLEAN CLEAN CHANGE OPPCSING PASSING SHORELINE BCcS:ER M:OR

P-PE ANCV!R PUMlP SUCTION LOCATION NATURAL VESSELS WORK OFER.

LINES LINE PIPELINE CUTTIER ELEMEDTS RSTA:PS

DISTRIBUTION OF TIME AND FUEL (CoINTINUED) RIARKS

PREP. HOLIDAYS FIRE MISC. LOST RUNNING DREDGE BOOSTER BOOSTER LUBRICANT LUBRICANT WATER FI--

TOW DRILL TIME TIME FUEL FUEL FUEL OIL GREASE USED COST
USED USED USED USED USED P--R

GAL

Figure BI1. Dredge operations - Jim Bean

B16

IAla



-4

H~ 4z

0Ci,

[-404

i4 Z

; - 0 C,4 Z
E-4 .- o

H 4 I4 Z

~C/I c E- 0 w
:: .0 0 U

'-4 Z-. 0

E-4 1E0 -4 w

o4 4-0 E -4 A

w z 0

1- [- 0 c a -

L)4- F4-4

z '-.E-4

P-4 -4

0

z z

u0 >4 -[4

0 Z
U)Z-44(1

z- z HO
).-4I. C/ Z

W'-4 IX

z
w 1- t4-) 4

.- 4~ P-4

'- P-4P.

0W 0-

B417E-

En C



LLU

0x

ruC 0 , o~ 0 \j .- 0' 0 W0 .4 WA Ln :CI- d 3- - ,- J r r - VC'% Ur' 'N .1 V"% Cr' Cr' C' V%' C

10I V1 f- WN ir o 1r' o , r'- r- C l or c' C) or oc 00 0 0or . 0 n 0 00C ^ C)Ma M -C C00 C-00 kr'

z

0

44

I-J

3

Lu

3i 0.o K0 lO lo lo lO l 0 ,0 , ,0 ,0 ,0 ,0 ,c,0 ' 0 '0 '0

-J -- )-.)-.7 z z zz z z z z, z z z z z z

F TLN0r lC n' A' ) ( l L or-m0

F ur ir ~ ir nC DC )C ~ j" (jC j( jrjP

LUL or ,0 o n ,' , (jP 1k 0 ' ' ' 'o -w p C 0fl ' '
I- ~ f vCCC jC n )p nt Iw

'~M h



3D

L -I CDI (\ -- - I - - 0r 4 . 0 0 C 0 CD C) 'C -) U- 0 % C .4' '

0) f'j U-i tjN U-' vA 0 0 r\j C-) 0 r"j0 C) 01 CIO U - 0 UNI Lfo v' co-I 0 j

z

C

0 0c 0
0 .1

c.4 z~
1-4 w

00

33

-)
52

3

4- -

r\I ?U.4 '10 N- W 01 0 C)0C 0 0 0 0 0 0 0 00 0 0 0 0C
0 0 0 0 0 0 0 - v . - w-40. r'Ji~ r~j C~i r~j r j r\v Mj ('%g f-') ,

- /z0-0
FO N1 W0 U pn .4. V% -.4r-UW ('1 M P-0-01 LIN'040 W0

I)1 t I tI 7 jV NV sV L ' mU N0' , , , , 1



p~ C 0 0 0 ~

SL*n Lm 00 c c rj -s w) r~ e N n m 00m 0 m 0 0, m - rq rN rN ?. pn

-S L 0 0 0 t~bV~ F'I ti f- - F.N . NAI0 ~ 0 O -f- fl - t- 0- r- - o r- 0 - ~ ,

0- C) c)O c)P nrlW 'jFIC )-C K C )I ,

0"

3:

a)

31

-J DCCCM DD M CC~cc)))C ):cc~~3C)D CC)CC

Lii 0,(1O lo lo lO lO Ko k0 ,C,0 ,0 ) 7 , , ,0 0 ,0

a.- -r _r-N-r r -f- r r.P- -r-P l N. -l- - rr- , -
g4 0L DL D00L )C D . OL )L )0Q D0L
93 : 3 D D M n m0mnn:

4~~ ~ < < < < < or 44 4 4 4 <4 44
0 ~ ~ ~ M OM M -~ ~ 0 0 0 00 N~ fn5 .s 0'. r. ~O 0-

C00D0C)0 0 000 -C3C - -- - - m rN (% m N V m' N ~ N N l "IJ

C) - i11 N0r 10 -(jp tW - 00 D -ejFI- n1 -w0
w -r Ur-r -P r-Nf o o0 o oc o oCc 0 ,,(7 .00 010 OOl~0

/d



. CjC

4. xC

9\ -4 j o (vj 0 o r~j Q Q o rj 000)CD00 -n 0 00 M', K) in

M 0, M\ 0 ~ 0 0 0 0 0 - 0) U, L', '0 Ln 00 ain N"- W in N'

z

:3 4-J

in

~~0

-4~

m . LW in m-a a-a L . 'a m .m m c ,c -m -c -a -a

n L 0 JW LJW LJL)U L A L JU JW U I L & A ULJU JLJL-
V)~ (Aw )W )V A( Av nV O)L 1)Q AV )V nV )V )4 )V

M)j 0 0 0) -4UN0f-0 1C ~ - , - or 00 vW rU1' -M(
0 )000 0C - -2:r v( ~ (ir 'jrjrj"

I-

3 l )' N0P 1 r n- n .w C,0 - w ji
C-C )C JtvrjA \ jr l ' jW

- - - - - -

~.i OQOO OO0000000000O~c~c AA



I-o

1- ~ 10 10 f- N- I? LON r'j , If N V% 0 O' 10 ('0 10 10 10 10U %o NT Ns It~ C N 10 N-
IZ:

InI-c 2r nmFjr - t . 0 ,0 - -s 0 ,-o - Ir

'o 'o w z
x

() W W r44IJt _. .P40L d 4J L - - CJ 'Jt)k i4)t (.
f- -4 '-

Ina

(n,. .

0 C

4 -4-

PQ 0

(1 J V) i i .,L0 L k) 0 '%- L I0 ' 0 L L0 i .dL. 0L L
a) 41N N N N N N NN N N N N N N N

m uJJ U c Lc c c -o D 0C MC C D DC 0c-C

CD COCOO C30oOOD OO0 D )oonC)oD DoOOOCOCOCOn OOCOCDMOOCOC

uj 1 o Cl 010 ,O 0 ,0 00' oJ' cK0. - , 0 0,0,0, , O 0 00,oO 0 o')
*l C O O CO--. .f. Ur r -N .r -r -r -r-r -r l

LiAI4. . .)k .000 L Lj 4.p 1 4.0 q' '4'4'4 '4 4I)L .jt) .)L t ' O '0IJ -

/Vp 1l, WO NI iI V vriI )0000n0C ,C



a: . 0

r' 0' ND o~ (j Cx 0 C) C N- 0 '0 C C) CD 00 0 0-~(j~C C) 0 0~ rD C)

C~j 0' N, 'o CD .- ) 0 WN U~0 L/'% U - 'r C) -: 0 0 Li 0' ('j 0' C) V., U, m) r, N
0 ' NN N '''D'0 o'0 N O r-N N- xNN r l- LUN

az z
-~ z

z

3n6

LI: >

cr Cc

-- Ijijj

J C) C--C C D -)C)CD n-C ' C2)C' CD 0C C) CDC C-' CDC) C C

CC)

CD f. CD1 CD CD CD C) CD C CD CD C - D CD C0 ND CD 0D C-)r) C) 0~ CD C 0 ND C-) CD 0DC

0- r- N' 9 r - N----999 N- 9- 9_ 9,- N~ - Pr - N NN N - r- - r-r- N -



0. 0 0

uj 00 o,-o oc- -00O 00Q 00C-

CL

,o WU r- - C)~ U-%r JUJUJr r )V" " v u0 o ~ ~ Li ULn ' , n Ln UJ

0.- (N ZZtL1 ZZ WLWel~it piuJUJZZ3T3r-T-r )PI r 1 V NV K l

.---. r z z . .-. -. <- <r*Z--z W W WVV U- Z -Z -

ZZZZ'C'. -J -J >Ln -zzr'.0C00zzww

C) Z) D

0 
-

0 0 c

0
4 I ( I =0r c

0 1 ). : 1 1 1 >-I u

CU W> I LiJ I >- >- Lij 4i ) )>
a) f1 Li k.. 4.. C-) ki L-) iLiL Li Lij C. L. tLi Li I.) Li LiA a- Lj ki a. ka ki4- L I -i tLi .i LI. Li

- 0

S00 0 000 s 0 0 00r

-.- r - (U - - U- U'U

3:0 D 0rji CC:) Ot

W MM - r) 0n00 00 0 l I

3 0 00 M \ '% M 'r- 04 11

11+ +4+ +

.- (U pe ': U*n ,0 I- oo 0. 0,- (Uj 0) ', i' '0 fl- 00 0, 0.- (i r- ' 'o I"- 00 a' 0 -
000 00. D )CDC )-.-.- - -.-- rv ?v ev ro (U AU AU Pu (U (j ?I) K

CV ..- C-JU- U( (Uj (U, (j (U (\U (UJ (j CU MU CV NJ (\U (U, (UjrvfJ ( \I (U'j~



c)c:

(nL I) L/ LIn CD W3 c el r r ~ W- ' cc -0 j -) - -0 P '0 Ln'

SL1" V, v, V, L U, C) L 0 .01 MJ -0 CD Pn T W f ' - C .-.-: CD '0 *j '0

m L (x UJ crLU W
4(A4 ZW :9L14 (A:3U IV,3LL). )

LL ~ iz zL l L wL )> w wzL )V

101 )ma DC DrA nV ~ 7 Q- 17 ~'~T (0 X oliwrj C'r~ ~ jc)

I) CD r C- I CD I
(AC0. C I-

cu >

I nj ( L (t ( . k - -_ .) C L ) t ... 1- 1 L)L ) U ) L ., U ) kU ) k) U ) Q - Q -
a - 5 9I>>

CA CDC DC DC 0C .)r-C)0o DU D0C D )C DMC

4cJ

X~ C C C C D 0 C C C ~ C C

C-C-) CCDnoMCD CoC 3CD ooMC)C : C0000C0CC) C-)o C

CD00000000C )C DC )C )0C

ui ' V 000 0000 00 0000 CkC) rjW N0I_0 l0, 00n00 00r-00 0 0

I I JI %0 - I 0 '0N r~ 0 e' 0- V% 0 N. m' '0, 0 w 0 7 IVN ~ '0 00 0' C: : .rj

00 00 00 . ..- -. r- ^.- .-. r*V fV (VV IVj eV IV Ai ev IVj IV (-jr jrje ~ v ur vr Jrl

IV V V V V I I I I I IV tV IV IV IV IV V '. I I ............ V V I I



0- C,~f LP0 00N C0C )C
0 . M . . a

C)C C Qc ) )C CC 0000'-- 0 (D 0000000D C

a.

LIN -j~ CD - 7. r'. 00 r-- C0 u-n CU 1o. ~ 0 0 Lfn '0 r-J I'. C) r- f% J M K) J (',J WN W)

(\ 'j P") Pdn C) o -0 ru K) 0, 0 r- 00 's (% 'T W) '- UN 'o 0- -

cc w ujuLu3J z : 3 :xLJ u 3a33333a3:
- zz~z Z Z Z Z Z Z VA ZZZn(nV)CAV)(A( z( )

I ~ ~ ,-. rN - - - - -~. - f, r - - onl m - - -

a S f~S1 I I I I I f i I I I I I I I I I I I I I I I I I
z 0 o c co' ou- LP )U- n' l ww wV - V,, 0 0^ L 'm1Ur %

CD M DCDCDMZ)M )V' 0C C V D n0 nCDC1 1 00c D I (\ DC5C000

- - ->- - - - - - - -- I -'> I I >- - I I I I I--~

..- I )- 1 0 CDM C C I 1 0 DUC

r- >

u i 000000000000000
-4 -A

4-

-- 4 ~ cu Ln Q_ ..cL Q L.) - CL A L , U.. A-j -j %.d U- LA- U.. L L U -1 A- U.. L- U L -j U.. La- U a . a.

-L CD CD CD C) C'0 N 0 0 C0 .- 0 C) 0 CD 0 l-) 0 00 0- C) r) 0~ 0/' '0N 0 0

C000 0 000CD 0 M - M Nv r- r Nj M N J N N%

6m U' iW' A'0 '0'0 '0 0,0'0 '0 0' N - N N N- f- N rr-
fN mi N N i N i N i i N ~ N i N ' r4 N ~ N V u N ~ N l N N ~ (v N j N N \ N N j N i NNN



fr

or it, P -1 C V ccj-Dj j CC rj 0 -0 WNC - 0C

fC C Cn C~ CCC0 10CC)I r) l 0V P j(1rjr- C, CD -.0 O .- o

1- n 0 0r r-cc r-.cwr--r- oc w r'- r- I-, 10 - c r_ ' 010 C C .)f

j i i L iL iL iL iL L Lj tLi 4-1 Lij L Li L'i LiJ 4 , (-j Li d Li 4iLi

ui i

an 3 z :z )V V n nZ oV) uj LL V) Iii 3W) n1±

Ts T T i I I I I I I It ee l I I I I I I

'M Lil ' U11 Ac C-- Cc C I a.-. Vo C Cl-C C c C ' C) C IA C) C (\ 0\ C- C)C ,r

(Z)C )CCZ C C C C)

I>

iix

fIll I II> >
0 4- -

P.-

3'

C) 0 C. ) C) '0- 0 0 - -~ -~ -r - - - C \ ' j m .- ri rQ u''O M - COj Cu CV)P

fl~ Cj 0~ C Cj C C\ Cv CJ r% (\ *~j r r\i (\I ('J (\j ('4 F)r )r v )r w n" ,K l

Li A0C>''>D0C00O-



L-

CD 04 c 0~N 0 D f'0cC )C m0C DC )C )C

a

0 r, C: 0 - 01 - - : r~j CO o- -T C Ln m,1 V- 'o L 0 (\j P,) Q0 1 N-CD

r,.. rli C LtN M r L1- ' C Or 0 - P Ln(- 00 V% (\I 00 0' F- r (Nj 7 CD -. : (~

Li :9~~~L L ~iL L i wi~~. LL Lki < Ll ui :rL

I - -- -- -- rj (NJ N W) - - - I- I- - - - -rj -N - - -~

- - I - .- I - 9 I II - - I - - - - - - - - - - - -

7) L/ =W)c

.,-j

0

0 u

- C)

3D ~C:) 0 0- 'o.

+ +

C- Z) u'. c /~

+ +

LLJCDCD CDCDC)C)CD 0C) 00 0CDC)CDCC0CD 00 0CDOMC0C 0CD

(NJ P U' 'N0 r- 00 01 C r%(J F) r vN '0 r- 00 0' C .- rNj re) - Lr% V r-- 00 0' C
C C C C C C C C C - - - - - - - (N.j rNj (Nj (Nj (j (N.j rNJ (\j (NJ (\j trlJ

-b. .. IJ 0 AN



Or 'j n C. .0 .n ?I .
tj LU D D C C ~ CD V (9- ' 0 JLr -

uIS f,- N C C) N 001 iO f 01 CD ("Q CC 02, vC Mj r) j r-N 0 C D 'C 0- CD 00 r'- r

"i L~L uj 31J3 j ~ ui3 3 3Laawww

V) VC: I'L'p ~C L/n c(V v r CD r(V IC CD V-% k/' (\J C- ruj V ui C) n (V r (V N V r V CD v

r* 7. 7 7 - - - TC rUj .- fru (NJ (N.J 7 ..-- - -

00 '1 IC)1) Il '1'i 1 :1 .11 V1 I -i eg . .g11 111 l

1- CUCUOCC CC CC

Q) cl
Z
C:

u 0

c 0 LI Il 4I Ij I C-) 44-4 t

0 V) Q ja C 0 -t -a J QJ . M- 0- L-> L) -1 -C 0->CL L )(L CLC LC L0

Q)-
C) LJC DCC _ )C C DC DC D0C 00C DC D0C DC

r- CD C)r- -r 0, 01, CV 0, r- 0- (V 0 - r %riL Df , ^C

Xj . . . . . . . . . . . .* . . . . . . . . . . . . . . . . . .

Cr- .- r -I MULCO 'C - - -Ni r' ( C C rj C

(II-nU' ) 0 U% N - - xV 4---. CU C> CUj (V I ?1TU% l0

I1: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

LL OCDCO 0 D00CDCD0 C)C -O ) DC C D 00CD0.D 0 0 C -0O CD0 D.

lU- -CCCOXCZOO CCOOOOC O-ZCC-CCOx

.(VNJ t) LIN '0 r- 0 01 O 0 - (\ i I ' 0 N, 02 01 C:) . i ( IV 's L"N 0 2 0 0 CD
C 0 CD CDC CD C CD D 0- - - - ,- .- - *~(v (v (V (\V (V (V (V, MV CUj rU i

PN 1 WI?~ ) rNir en' pn n f) IC'l rC' 11) fn FC' re) F' I' I PC' P4 pfJ IC' PC' PC' pn PC' IC' P' en' P'nI



uj 0CD0 oc)0)0 o )mcoC C C D0 DC 0 ~v0 C)o 00

00O r- '0 CD Q-- 01 0) -* 0 '0 .- Fn 0 0 VCV- ' )P rj. 0, M 0o r4) . a-

OD0001 0 1 01 m~ 0 Go 00 ma 01 -* 0, 01 0'a 1 u0WI 0 0, 0, 0, cc 0- Do0 0r 0a 0

LLJ :3 L LL LIU u 33 3U Z3 :a 31u

40

1 - - - - - - 9- -- - I y-9 - - - -~ 9 - r . 'j 9- - - - - -~

4z I 1 11 1 1 1 I I I riJ # f l l o ffI I B B B B B i * I e

- -er-er- er - -- 9- 9-- -- -- -- -- -- -- -- -

C0 0 00
11V co
:1 4.)

0 b 0 Li

u 0 -4-- -) > >
--4 4--
0 C L ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~~~~~~~~~~~~~~~~k~

QJ v - j jL)k jt)4 t i LC jk. J i (jLJ4Pq L jIjC)t)L - j L
cc4 02

P.- - - ' ~

3 Lta.4I It 0' 10'010 0 C- s0'.0'-IT 10 C0 0' P)W 0a'0rMj0 afaaf0O

x . . . . . . . . . . . . . . . . . + + + 9 . .

CS(-C N, 0u C- e n -~--- 0e r ~ N 9- 0, r d DC )C _ DC DC

- ev Ar ^j tv 0Dj (V - M) 00

:1 010 1C, w 1 , w , C 0 , C) P- 10C -WP -IU'Nr-7

F3 0 C) C)0 C) Q 000 )0 orr'. C)0C C ) )0C 0 00C

.4 . . . . . . . . . . . . . . . . . . . . . . . .

0W 00000 00000 00 0000o00o00o00 0Go000 00 00 00000 0 00

(V NI z U a'% '0 "- 00 0, C) r'j pn 'ta UM' 0 r. 00 0' 0. - pt Wl .-' 0 fl- 00 0- C)
0C 0 0000.) C) a q-:- - -: C- C) 4~ fN, Nj ^j M, r, ru rv rJ W

- aO-'0O ,'0'e u £
- n% -W010 n i 0 0,0-r ) LA %0 ''0000 0C)-0J 000

r- r- r- r- WI 00 wI wI wI wI wI wI wI wI wI 01 01 01 P1 WI 01 01 01 W W4 C -- C m

P4 np np 4 np n"pnfnfnp np np ni i i npnf S' I%



0. r- w. '0 CrC C .I- C, Ol

'- 0 'D r C ~ C) C-C CD CD C (7 CD C 0C)~~" ~~~ ~PD~W~~~~-~~O r-NN -N . -I. -N - P. N- - ?I- fN-

a.) n (.'- 0DC -, C) C C3 m CD C C C) C) " L r O. C) Nj a0 (1 '0 ~j -j CNj

ou 00) 030C O 0- 00~ 030OC0. 00

< <, ,. a' DLi/ ) L L-' 1 vi ~L LAJ i 3 _ Z 3 V)i

C: M

0 
I Ix 1 41

ca '0 vf' f a.

' Ln C ~ 'd M 11. C',C~ C C

a)i

C) CD C

00

C-I 0 C -I

ET CC CC

3f .4'J - i - _

-3 :J =3 =3 M 7* M*
ID 4 +- 4- ++- 1-2 -1 -1 - )") - '

V- L -' ' CjCD CC)))i)CCJC:) r,'C)L)C)-CC)CC:)
C C3CD C:) - - irA14-1 - 4rj- Atjm m \ v (i(iI)K

'0.- 0 0 . l' n' ,0 3 D -rp sV 0t-0 -C \ l

Cl CD 0 DC (Jr ~jr ' A -.on o p v Q)FI



r I:-1-t 17 On' f~ 1" CrJW r-lg- . ruj r'j pf) KI W) WI W, V

' C'0r-.-O .3r.

0%O OOCO ~ oo ac~r-IC u-,0'.0 00 O-

0.

'I % -:- in% WN 10'40 in CV f.1 ,'- '0 VN 1: VN Lr0 '0 ' W 00U- '0 Pn 0 -0 C)00D

M- M'. ('.4 W) Ln I/% It N P-1 /% I r I .- W) U.- C- OC V,' ('4 (' r ~ '
m 1m 0 - r V, 0 1 1 1 1CP-0 . 1c,0 10 1 ,0 -m w w w 0

n 4n c 4 (n C^ w w w (A > V) 4 4n L)( Ln UI 4 ) > a 43 Z W 4 4A Cn k V 4A C

-J

Ln C 01 N . :' ) ' )jr, ~ jN j"

31 CD~. 000

0

0 k
u 0 In

0 c
U) 0

4j >- >- :I_ >- >- U)U)%JU)U U)U) )UIU)I

3:00 00

"0 10 00

+ +, +

I .

3I 0 01

1. 00 0 0 000 00 co0000 0 00 00 0 o0 00 0 00 0c 00 0000 00

.- mI wi s~ Lf' o0 r- co o, c3 - ri tw) -* v%. o0 rN ou 0- 0- r'.j rdi u-% ot . N oo 0o. 0o
000 0 00C0 0 0.- - .- - - -9-.-- M'. MIa CU. ru cI fI MI NI r") MI W, W)

.- 0'.N4''00-Nr000-~44r'
U) 'b4 S4 N -o o : tn' , ,0Je rU - ,W0,C 4 f- ii '' ' 'r U" 0

L 4 4n ?-I - 4 4~ It IS t I 44t4 4 4 4 4444I44It4%444N " ^ ^LnVNLnL 01 0 o % d



Z* pn C~ 0 0 C C Ad ? to) ro W) W 0 PI) C 0\ C C: -C - e rJA

CD c00 C) CC Cn Coo0o 0 C 0 oOC~CO

739

C) , W) Lip r*r l)C

LLd 000 c;c;0 (d0 0 00 0

(\ rJ Ln *-n Lu r'- oo 0- r~C s,t C3.) '0 73 C' LA If" C r.- A J W) r- 00 0' 0 C\d 00

ir w L LJ LAuJU i ui W LjV)ui iii Lii ui u 33 3

1 0 ru CCC------- - -' -- 0 -0 -r r -q- - - q- -

.YZ n0 C ?P,0V -u ~ C. 4 U- WAL 0 -C 10 100 -

m C 0.-000 CDCD.' -Jno CCC000000CviCOC00

a)4 co -

o 4z

u 0
0 4-1

p0 >- 0 00 0
0) k- C) C Li L I-C C ) C)j C)j C) C)j Li C) Li C -J -.j -J L.) (C) 4- ) C)j LC) C)J k* ) LC) *-

-4 0l)

co - 00 0000 0 '?pe W p ' I C00000 00s 00000~ .7r '

I- '- .- A A\ d Adi -l - -.- Ad i d~

.2: .... . . . . . . . . .. .-. .-A -Addddd. . . . .

2: 0000C Co0 CD C C C - C CCNIm0 0000COC
- 1 0, k '00 . 4 l " ) 0 N( 0 Ad- 0 Ad r- C C0Ad.3-

I- j A -AdA - .A- -r (\ . Ad Ad i - A A - U- - I- -

:3 r- or)L 'r-0 ~ o0 ' t0 '0 U, n ) U' ' o '.M31

2 0 0OO00 00 0coc 00 00 0 00 00 o00000000.-000Go0-.-r- 00 0 00
< a. (L ++ +* + 0-, CL , +LM -,L(+ + c L La.a a,,CLC 0 L La-0 mmC

im LA uA LA LA WA LALA LA u A u A uj LA LA LA LA LA LA LALA LA LA Lu u LA LA LA LA LA LA L

.- , AdI 't3 W 'D Ni~ 00 - 0 c: - Ad r') I L^ '0 N- CO0 0 ,C PO) t'T Ln 'o r- 0 0, 0

0000000 0 00.- C - -- - U- - U- M- Ad Ad Ad, Ad Adj Ad Adi AdJ Ad A

-at
'- f- 10 -rJP)tus0f-0 ) ~ n tVor_0 0 vP "

Li 1 01 , ,I l l -f-(-r -co0 o0 o0 o0 0c , o ,0 ,0



a.I- *' ix W 0 C) C) o
0' C 0 C00 C) )

a-

Cur~ '0C0 0 00 ~- 'r 00 - - r.- 0O Nl -C 0 '00 t') fn. 0 rujs 'T ?--I- -j 0,

N.I l -_N Lin V) 0. IT '0 oc 0) - N 0 Ci L^ Cj '0 \j 01 M W) - NI M '0 P\j m 0 .- 0,

ck 9w ru 333LJJ 3 uJ w J 3 Lai LAJ 3

- - . - - = I 0 CD -D - - \j .- - -00 C0C - - - - - .-
I I I I I I LD 0 1 0 1I 1 11 1 1 li 1 11 1 11 1

3 ) C0DD nC) - -JO -4 j 0D.M- -.- n0C00CD000. - -0CDC0C0(0

- .- - - .- - .- - - -r- - - -- - - - - -r-r- - -rr-- - 0D CD

(1 c ,-0

0 00 z

u 0 C,~0 0 0 o
-4 L., U ) ) ) ) ) U J . L ccU :o ra xc 0 lnC

0-
-4 z4- X- x0 x: "

PC JLL & UWUJLJU L LJLJWU 00 0 0 0 00 0 0 0 0 0 0 0 00 CD0
(1 -1 - 1 j - -O O 00 j j -00r i-i - i jkj iL) i(.j - i ,L

a) ~ a 4-1 k- -- 0- -jCuL 4)%- -C . L L ( .

- - - - .- 0 - - - - - .- 0 - ~ (\j Cu (\j Cui rCu C-tq C ur uC
. + + +

- 0000000'r'r00
I.- .- v (\j (\j M r

-1J 0 0 0 9 * a p p 0 p * p p 0 9 p p * * a . # * 0 p 0

I ++,++++*.+.+. I.*.4.+* .++ + +

I.0 00 000 00 o00 00 00 00 00 0o 00 00 oD 00 00cococ 00 00 00

-Cuj ') 7 LA' '0 N - 0 0 0. C u (V on 't W 'oN r 0- 0 - Cu en 4r er 'oN r 0 0 CD

P- 0000 0 001 )-r )' ^ 0 ,aw--..- r Pp.p C),C) -u uf urUM 0 u
C), O4 0 I' C /D U:3 U1 U1 0~ 0 r 0 t C ta C ta 0~ Uij u.j U\a eta Uaj atV ulj M~aau I

IsI tUNL NW MW nW N' I l A / . ^ W f %ULV %V %W NW



C' CD D C) C .-. *CL -C r j. .-Z r, P- 0' C) 1) CD

C0 0 I0 L- 00C0C 000Dr'1 o cl 0 C, 1

M CD C 0 C, 0D C M C CD C) C CD C) 0 C) (N 0 CD 0 0 CD 0 0, in 0 C) C:)

C. .1 -. .
CD C) C-0

CD '0 WJ W) 4 I L/) 10 \.J W k-- 0 CD V'i ~ 0' -~i 0 0D Vn 0 I-

fl) on . y 0 C3.- co r.j - CD CD-) 0 0 rj -) 'J 0 CJin 0' c), in vN Lr ) j C) 00

LL, L LuJ uJ u 9 2 uJL 33 & W3 WU 33

fl,~ 7~ N r j C j .- I- 9-9-CM.- rv, CMj

m CD 0 C DC ) DC D(- DQC D C QQ CD 
0 

0 C)CDC)0D0D0C0C00

(1 ct
z 4-j

0 >

U0 n M :D DoO O

pq~wu w i 00 vCUJi 000 00 kaLLii i- j jL)-j- -

-4 (W
.0 X uj 0 000CD 0 DC DC7 0000 C DCDC Da0 CD 0 CDC)CD0 CDC

3 (\ rM0-r(\ r r'0 0 ooocoo or-r- \ r '0o u- ')00P )cDo )

.~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Iii 0 0 C) 00 000) ) 0 C D 0D D 00 CD00 0 a0 C00

-. M W) 9, WA 0 r- *0 9 0 - C* N9 z w-0 r- o 0, C) , rj n Sr L^ o (- W 0*
0 )C C )C 0 00 0 CD0 - -0-- - - - - - ru0oo( tvovo0 M 0DM0 e

g + + + +4c+ 4+ + rI4 4 4

00 01 C) - injP. 'tf' Ln- 0' 0 0 C- n (V0W I- WN 10 0.- O 'J 0, C) i ' " 0

iN U% IPA LA in in in in kA k^ inA i-1 W% UN iN iN iN iN t^ in V% U, i, i.N V, in in N n v in LA

Amf1



0 k 0 0 0 C) CD CD. C) (\D 0 0 0 I i 0~ C) e'u .- c:

C) 0Dn0CD0CC DC DICD 0 C~ CD 00 0 M0-0CJM0D '0

(L *~ *l C
Ld 00 0 9

a-
V'% r- 0) Nl "' 0 ' 01 -Z U' O ' 0 ') r- Pe P (%j 0 Ob C 0 ' 00 W, r,- N o ' 00

1.- 1: N 07 N) Is 17 U' N N0 Ir pl' "i W iN K) r- t'r KI W) W) r* 0' Mi (" P0 p j 00 W

L-)

S 33 ui LL w '** 3j 3k ULl L±

-~ - ~

3- m0 c.- - - -

I .-- - - - -- -- -

"-4 ~-
0 0

uj L LLJ wL 0

(UU

9J .* * * . . . . . 0 * 0 a 0 0 * 0 0 * * .

.- 4- - .- .- - flu r'j r~j - 0 -- - -s 0 - 0 0 0 0 eM~ o

I ++ 4

3T Is W, 0: wn '0 'ON Fl- ' L - WI j OCCDC 00 - rI JI 0 V% (j i NO K) l It.

M 000C 00 00nC ) ) C )0 n C 0000 0 00 M0 00 0
+ + 4-+ + I Iil i ii

w wwww 0000 0 0 00 0 00000000000000w00w ww ww

4-ji Li 4-J %J L ti tL Li k-) Li 4-) I. fLi 4.j t-i L L.) Lij Lj %.j C Li LiA Li Li Li Li 6.J Lij 4L Li
m0 iu A L jLJU iu WWJ LJ w LJJI w w w J.JwwwAWLLwww

N "J W) 't IA 0O r- M ' 0l 3 (%j rn 'T in '0 N. wZ OK 0 - (\j W) 'T LA '0 N, w 0' 0
0 00C 0 0 (D- -- -- -- n M %C'.Jj(jrjN v(Vf)P

11% Un V% I% LA IA% I% IA IN IA V% LA VIA V% Wi VN vIA W V Ul% L^ Ln IA % I A I% IN LA LA IA% V*% I



r.- -(\j ~ '0 0 0 erj i (j C)~ 0 ) 0 - - -- . - .- Q -0 ~
C7 0000005o I 00 r00t O-K.ooo00 000

0.0

- .-O O - 0 N..4 4 .4'0rJ 0 - .- '- 0 U~. V'j l -0.

L" f ). - CCV%0 M l - Po C)N t 10 -3 LI .- fN U.- W ' 0~ r

I.- Id' 10 L .4 ~ I'I' U. '-- f 0 L/n %7 L^ V1% If' 3L f 0 '0 N. N- 'C %0 N UO

IA

3j < - < .I cc <

I .- - - - .- # - I r) - .- 9- - 9- C .I - - -9 -q-- -~ I 9-
1A 10 ) r \

z -

0 tw

u 0 5'

0
'-4 04 L-u 0 0 0 0 Li0 to 0 0 0;0L.)00 0 0 0 Li 0 0 0Li

I-

3r r) mW) ulCOIA0 N.. 0 r 1 7 .4 C 0 It )'o~ m %Jv .) . ,s-s 1001-

F - 0D 0- - 0 00 CD r -O~ r - - -r- - -.
I I

3j CCD3 3DOCCOOCCO DC D D)o 000 MOO0

2: 00C000C C 0C)00 C0C0CD(0-C C C00)0 M00 0 0

LUP - - - ~ 9 -9 - - -- ---. - .- ~9- -

~z~zzz2zzzzzzz2zzzz2z22z'ZZZZZZZ22

- c9 (N V P04 It 0N 10 N~ 0 (NJ CD tv ' N 'or 00 0-, 0 .4 10. 'I V. ' 0 w

W- (-0 1O 3 01'0 . 5 ' 00, )"C3C)0 C)M sO '0N 0 ), N.

V\. Uf' V% L^ VN 4 UN Ln L n '0 10 0 000 10 10 'O 0 '0 0 10 10.0 0 10 10 '0 -0



-I rW. - MIj r~ f.- M). 'Tj 4 (\j C'j r, .- . - - ri .- - - - -

SOOOOC000rr-,Jo 0oC 0000000000OO

W 0)0 C 0.-.-m oC)D 0 0 '00) C) C- 0 000000 00

UJ C) O O U' CD00C0 0

Ix

o 'rj 0 U1 Mu 0.0 'oC)., W C. ) W ' C).~ 0\ o 0 00 'o- 0 K) f- W.- r- - 0 O

Fn W W j r- cc '0 0 ) 0 - pn .7 r- aD.4 0c 'T C r' 0n (C j

V) W) vU' C. j 'j ~ 0 I'.EN f~j M'. (\j t") Jn I U-1W M U'\4 IP E. (Ji ' C\ J o

I I -l - c---I ?) - - - - - - F

-3 C3 -- 1 1 1 1 1 1 1 111 I I I I--. I g
z l 1010 oL^ 0 oe~ C o0 ^ 00MW 00o 10 0.-O

0

co Ir CDL C.L o DC 1 7L ) DC 0

X: c no n 0 - M C~jri C C) - --

I I

X: C) 0 C) n 0 0 -.O-D.-COO.on -.

-2 : z ' 0 f0-0m 0, 0 r4O0Ln'00 0 r n'TD%0 -00
I g) g) CgC D-r irum - % V(

2:

- 0 - F F % 't L^ Fo 0, a- F~ . . - F n F D N. cc F - mw ?n F y I- FD F

4- r~ ir ~ % l ~ ~ l iW Nw o)W )w r nw r ?' r'
a 0 '00-. o'o- ' o'o' ' 0'oJ ' o o0 0 ,00,



- -- r~j rU r

Of-- CD C) -- n o c CD~ z 0 C) CD0 0 CDC 0 0 'n C) C! 0 ' 0

a-

ou %% r~ CD 0 -0 r~ C: OC 0 00 0Z0 C:) cc 0 -Zw N0

u*w o0 (\j r, r i (\ cc D r J M 0 C N r 0 C) 0 T Or CD D 0 7 0 ' ~ - ('.4 L^~ N r\J It 00

w 33v --t3 -3 WJ wt wJU L. W J UJ

I v-.- I- N r's .-. q --- r r ~ . - W en If -.- f'.j M%. 5 .EU 'j

O * ,0, . I I I , ~

CA ( I I Un 0
'.0 '.0

>~

u~ 0

0 Li

3- 1 ~ 0NrJ" O 00C ~

cc 000000000 U.000000

0) l jjL3C. O'(.J 0 0 0 0,r CO. -i 'jI

LI O OO0 C* CD0 0 0 0 CD CD 0DC 0D O O D -D D C 0 ) 0

:3 0, CD r -C.- 's C) P- r~ r~ 0 Qr l' DU n( -U" \.e , o-4 r* C t^

*- a'. CD -D D ' 0 M DCN )C CD C) 0.- M~ CD C. n~ n0 CD- CD a D C- r. CD' CD. CD CD n 50 0 n-

- -- - . - -. -0 -0 - - - - - - - - - - - - - - -0' -o o-



Mi N~ r? r~4 (\ N r \j f\j rj -%, r\J (\- .- j o. mi e N . -

LDC 3 : 0 0 00a 0 1 , ,0 r,00 Cfl0 0 1100,0Dl 00

I

CL n0DC cC DC 0 D 0 ) o C) C) 0D 0 0 0- 0 c0 00 o 00 00 00

0.0

0D PI) ?1) 00 LN '0 10 0- a- 00 Lrl * P.k 7 VN I- W '0 '0 - rd 'r LI W) (

c 3 LLJ :3 LJ L) L) J L J u u Wu uj uu UUJ &U :L w u J

g~ -~ j '.J I'sj t' -0 7 g -0 I - 7~*

V) I

-4 C 4.

Cu

a) j le i -i i - 4. 4. L-)t-)4-j L.) -j - -i _j -P tj k.j -j .j k.A j _ %.
o- -j . L) i 41 L c cL a-a. . t i a -ok-, r. a. - t a -jt.. o 1- o

oL 0'c 0 D00000C DC D0C D00C

I.-0

I-

2 - U- -V - - - - - - - - U- - - - - - y- - -

CIJ On U -U NU 10- - - - - -U U U -U r- W U0-M 4 W OI-W 0 D - .-i F U- U U - W- ' CD

PC W co w o wo w,0.0.0>01(O,0.00.0nmo aco

,o o . -S '0 IQ 0 10 -40 N ?'0 -01 10 - '0 0 -40 10 10 N - 4 ra r- fl- r- r- 0-

- 0 - 4 - ~ 0 U N -' 0 - U N-N



I~~r j~ pI- I~ c I I I I I I

... .r C) - - - - -

V, C)

- a' Cf L a r a r.01 0_ C*.:- C C ' C C'!-) C - .-1 PXC Cf, ol Cr: 1

z z3 ,Uw 3 3 wu

cCl

LP)

3l 1-i- a- -l I

C-I IC C: CD.0C, C:-' C (D CrC)fCC (-C C CD - CD CDC C) CD

LJ

;! U- L U , L Jr)( 00 ON .J r.j .2 C' 0) CDJ ) )

-0,~ CD C) CD C) CD C C .. C)j C)j C.) rv C. M) C)i " C) pe) K)C )

ft 0 ' .. j' Ou N T W 0 N C C,- C) rj C)C r 0 0 , 0fJ C~ - r~j 14) L0r- X 01

r\..C)))JCCQ )CDC)C)C0C)C)CC)DCCN i j j(\W) p ) Q ) ) P11 ) ?



-- - - - - - C- C- D 0 C)C - I )C C DC )C

CD CD C) C G )0 C C' Q 0 C CD C-) C) C C C:!,Q Cl CD - -J -4 CD C) C

CD CD

CC - )CaC.r,0 f ' )o j j ' or ,U 3r LC N
fl - N , r , r (r. ,I - r-r - - t-r r - 1 - N r

a I LJ u L w w JLJ 3 ui (-SLL

rI .~ .- r- ( - - -(N .. r- CNJ rNJ - - - - - - - - - - - - - -

C: z

C)

0

79 4 (N W NJ( c ' r V -W - .O U M 0.- "1 r r\) Nj W Q- Wu C.- 00 .- --- , 'T-f-).?I) (W ' (

M~ C-)C) C-MC)~C) CC )nDCDCCCC n C) CD DnCDC-CCCCCC~nC

ui r r .- -- --- --rr--r-r. -- - -~ -- -- -

C -D CCC C C - - - .- - ---- 4-.- ruj ruj rv j (\j rNj (\j N~j (Nj (Nj r

-e Z r4- - M 0,C -. I)r n ' r''O 'rV, o wc
(-' . ti Ii I -a -j' -a' V'% -A V) '4U, V(L(IVLf U , U(f~. o 'D ' O 'o o-

N l Nl r- N- N- Nl N- N- N- N N N N N N N N N '



0 C C)-J 0 C - C) C ) M C) C 01' C- -C) C C 0 1- C

a- C\)-

LU C; .- C CD )C
cc
a.

.- C) N- C - N- ri f- -, W) P L(~n r W) 'I LPo V( 0' 0~ 0 - -%
F- N O N N N N N N N N N - N N

cc 3 e cc r CD p 0) N l '0,J ol -. o 0 ol ~C) C'. r), 0, 0a 0, c) C>C - ) C) C) 0,0,* oo,

w wJJL L w LLU L W WLLJ g-7

.- j (Me- - - - -- -f r - - - - - -

Lf orI I I I I I I I I I N I l i i I I I

3j -- - - - - - - -

C,

C)

ui CDC D00 D0C D C - DC C) CDC DC D0C UC

-4 C)

Z: C : C -1 .. ; J4.. L1 L9;C ; C) ( C C ; .J C; ) C ; ; C JJ-)

U. - -j - - - - - -- - - - e- - - - - - --- - -- - -J - - - -

3 ~ -.JN 10 N Occco o D r)W PIt P 1 ) l 0 C) V) 10NNNO'I0 0-N-

I-d



C~1 ' 0 IcI I-- C' C -

CC

-o fl) pn - L C ('U rP j Mj IsU fl) f C mi Is C~ c: O 10 0 0 lol r ~ W) -.

Go r-o 0 0c o - -. 0LI c00o . "1I 0 0o

0.5 l owww010 - lmC ,o -c0 0o

I' 0 ' ~C ~~ ~<

I~ -- - - -e r -- - -- - -

c4 4 C

0

0

nQ 00nL) L)k, .,L)IJ k L 1jIj 4)L1 k jI) -

ZI COCCCCCCCCOOCCOCQQC CCC~OCOC

00

rC CL a)Q) us - -

o 1 _ o5E

2: C D CC C C C CC C)CD : : 00Cn 0MM0 C W n- U SU E0 C4r=E1-

4co :3 C 0 1-4 > W :InzW
04 0 E m E: E-

I- LD LD-H WDQcL)k U I DLD(0L D oL 3L 0 LoI

(z)~~~~~~~ ~ ~ ~ ~ ~ ~ 0 C C- Cl C M C: 0 U VrjrJrjM \ % -

0 C M n C 0 IM CD (D - - I ~ l V Ci(J(J r \

a-.



* C'.->~C~ C- f4C 0 I- - C:r c--~ - -

* ~ .t C t'NCCC, CN C ' C nC C C.C '.c.!'C. ' N N C C . ' C - - ,

* C - y- c- CC . 11 . ct 0 0 1 tCO C' 0m 0.cCC'a C C C C N

O C' C -2 CCC C~. C ' C -L CCC 2 C C Q C

CCC~ ~~ ~ ~ *- .~7C C . .C C .C'- . .~t .C.C.

C .c---c, ~ ~ C a 00 ni C C.' C-C C C C - C C C C C -

('NC, a- C'l a.-0

* TO & 2 COCCO; ,CC-CC cCC C ' C C C C C

* fr - 0 O 0 0 0 ~ ~0~ -0 AN&~



* --aI:--

C-C . - C, I. C3N--p N NC.0p ~ N

a. c. a-a aD a---aaa--- C cuccc c C ) ZCCCC

C,

C-c- C- C- '-. C.-.- o- - -

*~~~~ I.- cC CC: C- - c c c r c c co cc

*- - - 1 -t c-l-.- C -' N Cf N C N C

a~~~~~ Co0ON - - s C-a--ac I, C:4 .0

C5

a-a-a-a-cc~~~~~ CCC i CCC C C C C C C C C C C

a~~~~~~~ ~~~~~~ + -a.C 0C C - - -, ~ ~ o - - 0 C- O 0 - a

CD L

*0~ ~~ ~~ . .I . . . . . . . .-i .i . . . .I II a I



o ~~~ ~ N K N & ~ N N00 0 ,C'O -- 

* ~ ~ ~ ) N z N- 'C''-NCt5NA. I^ .-. CO NNNCaCN-O) o -

r 0 CD owww2

o - C .- 0 0. N. a' a) IA.03 C 0' aCs c . ' - & 0 I. s -0
a~~~~~~~~~ C C. .. r *N -I AIAC -N -N - I'. l C a, CA C5 AN A -a

.1. C C C!C C C.CI CA C C CO C C 00C C'. 55 CU S

0 c .-. a 0 CD &0 C W C )oeVVCC c VIC

* ~ ~ c;C z; j 4N NIA4fI NIs Ia1Nrs- - -I.2 ... 1 s

*~~~ c- CCC oQC.I cCC c a o c c c..c c L C_ -

~~~~CI A',~~~~ 4 .. .0 .0 .0 .4-~N N -- I. . . . P.1

l. .. . . . C c.0 . C 'r 03 .5 .- & ~ ' sf U L i . . . . . . .

a~~~ a l al ii IA cla 'r 19 l

-'z zzz z ----

-a-In

IN C'' In

r\, 'I; y j
4

N

'a..' .. sa.5 'OC' -syO O J



MCIa, CN.-4-Nifv, NC NCC)c QCD cCDC, C

0 CC I c

a - 0a . 0. 0 7' C- C C, C' CD CD ci C, c C) .0 c C. C C, 0 .C

*~~~ ~~~~ - -r.sru~ -,rCCCt -0c~ -tt~.,V,) -C -C. C --

C- C .0 C.C. C C C-CC C C, 0CD0C C, C, CC .C7 C-

c, C cl c a c

- - -. -. - -a - - - - ) a a <a- a - -0 -0 C . 0. -. 1

- -- - -.N0. -CC CCC C --. . . . .00, -

2--

o 'C - - ' C0 C C' .'D .. - '.D L'

- -- - - ----4

- . Z Z Z Z' Z 2 ZC Z Z Z2-2- -CC.-2

z:. Dcc -"'-Corr - ,,-I - ,c n '

I ~ ~ w I...7' w0tt m40400004444!'4 "V'o

-- ~ ~ 3 kcCC C V C ' C C C - C O '
Cc. o.. 7'Cf't~t., CC' C Z V

w0. 1, Q- lo O. ol a l SC .Nz0,0 0 . N N



'0 ~ Y 0 4 0

* CC, C

*00 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ c a,>,c vc-; -- ,r,.cOO0 0 0? 400 lN-'~'c'

N O C . :C XC nO 0 ' 00 0 
0

444 IW a Q AS -N- CrrsC,.-,-.-c a,.-,

C! C C; C''" n ' C: . N A. . . . . . . . . .N .N. N. NN.N.N. . . NN S

I' " A ' X C 0 0 C C 0 C. C : C0 0 - c:, nl cI 50 U I " SIS U s U 0 0 0 0 0 ( C C: : CC C C c

ca- n C. 0 L: 0 0 D 0 C 0 0 0 0- 0 , 0 o 0 0 A A ASA 'c- SS'a 'U '5 'C

-- - -- - -C .'V .--------- ---- ---- ---

C- cC CVr CC~C, , C CC OO- ,0 CCC OCO O c cocC.OOO- c 000CC e- D o

* C- N-UC-
- .. .. .S N ' ' 4 4 4 4 4 C , I N V A N S A C, N 5 5 N c- C,- N N . - ,0 l . ' I r N 

05 
~ 5.

w~ ~ ~ lo I c c 0 -t I0 c

5>~ ~~~ ~ ~~~ 0 Il l iCa a aa

-'a C _c c C z Z o5>C, C C O C C ' C D O O O 0 0 U N A C O O O N U S U 0 N C
'I C C :. CC CC

c-0 c c cC. c,0 C - c.D .a ~_cC rcNa. 
5

'C4 N -~ c"'.'OSS 4, 0)- A S S 0C. C c

L.. +. C'JS I. ?C.U 
.NO ' P . . . . . .N- - - - -

aC II a a Naa, ,1 1 II II .- - ,, z

a",~ ~~~ ~~~~~~~~~~~~ Ce~ fl n l n0ll f 
0

fl l l n f C"0C 0'l l l lf C' 'S - - -Cr rrn

C- 'o COO- COCOmcCOO" coCl S- C '

+~ 4. 4 + ... '. .+

Y. XN -C

N-CC. oQC at aICI
U~I Fn mC C Pcc . C C - -0c Nr ''''- ''''- 'N N N - '-fU .C '

-~ ~ 0 0. r N S,'.CJSN E- - CD A CS0~,A 00." OSSAA m05 0 ? N(7'rC

0- v5- '-I - ----

5-4 -

.0 j oc -o CC x a 2. cc or 00 00 or 0c 0 .00 0C 0

C. 0 CL ~0 - 0C. S 5

Z~- N' G 0 0.C -

N-co 0C 0, VXC CC C SZ O 00 0 000 0 0, OCC. 'DC,0 0 0'L 0 0
o~ .. o 444 4 44 4 . . . . 44 4 44 . . . . . .

. ... ... ------ 0 C s - - - - - -



C 0 Q DCDg 0it0 ;:Wf. N @ mtN -,ON.r.N ONO,

* ~ ~ ~ ~ -CC C, Cl. N~*r C~I C0 COO %. ~ . CD C C C

*4 , C ~ c 0 CD

am. CC 1 CeC C2.C)0m C. C COC)OC. C. ) CC.)

p. - ... .t- tttoof'oC O C CCCO C 2 ooi

C ~ ~ ~ ~ ~ ~ - - - -4. -43- -.3 --- - -~ -.. 0 -D.C ) OO N N

F4 .2N t .NO .i .i .N .N .' V. . . .,. . .

c C- C~m...-444. c 1 -3ci ' 'P l

CCC. a 0 C C I C. CC* ) C cC)C . 2C

.. 0 -.1 -C~ - -- 4 0 mCNNN c CmtN0

.4o.0C C-
+i +n + +n +C' . .... . . . . . .

-t4 0CC Z~ 'D C CC CCC)CCCCz 0'
a.- .0c

Li+ +in +4SI >I~) I.- a & O N ~ ' i C

-p. -0 at

'o' 0 o1 - D D- : o o .1

CL~iCCZ. C)C CCC' CCC )'C? OAs



0~~C f.!.0 a ccO~ O ~ i

CC -c a n en e . 0 00 U e O .

Ln v a. aCt, ziG7 Cc( ) D000 )C D 0 - c'coo

o I C:! C20000 C! ! 0, 0 0: 0; 0, C; 0; ; C; ; 0; c; : 07 4

Cn en l-- en Cn Cn Cn 1n Cn CU' C: en C: If. -: if: C: Cf' Cn C; rn- e f f ni) - e

ftC C'I 00 MIX wOOO CCO OO CC CC U

,a c a, c- a) c4 - l c c0 Ic C, 0 cr' ani n C .- c N 0" c .c n c a c c 0 c -.

-C - - - - - -- 4j

.1-~ C', ZOC.I C C,)C) 0 0 0 0I4I 0 0CC C C C)C-.C

* ~~ ~~~~~a cCOC C0CO C ) CC C O O C C O -

+ w 4 cC0 C. 0 4OCZ - -) -CMo mOC CInCc a
*c aI 1.

0 0 4

a wi aii m1 .1 w m CLx ixi x l ft a a ,
Z L. II

ft I.*ift 0 000000I00 0 0 00 0 00 ' O O C
c acC, cc l

ooaG '11 1 1 1 l c a li li li 'o'o, P- r

'o 43 ofl~ Cl fCflo folo lo tIo~t -o 3 o o

.- C C C C O O . Z O O O C C O C O O C



C-C a-0 OO 'oN 'a0N 4~. ~ 0~ C.Ot. C aI

* CC C.7't. .0r C .un,-'

*, 0.., , .I

C- n n m ,C

* a ~~~~0. 000 0 0 . 0 . 00000 0 0

C ~~~ c. CDac c- 0 c 0 c rCc .C CcC-- rc sa -a-

r . 4 . a < Ot'.

noc o c c o o c na- - C) C d - 0 '.t'. r C d.-

* a

f 7 aattt C ttO C C C C O0 C O r c

* C a~sa.. C 00 C:Cd 0 CSC .0 00C0 C 0; C- CC 0 r, :CCd .CQC

7, CC C'CC C- OO 0C', c 0C )oC 0 C0070 oC 0 S C

+a4+

a~~ a ai ZI + rs aI

- as' 0 -

'00

C~c atttaad mtC C OCa0 ' xt' d ~.-

.0~~~ ~~~ - C-1O ' '.0 2 C CSC C 0~

11 .0 P~ad~l~ w3. .00 o 4 0 1, a0,0- 0 C D )C 0 C

1010 10 110 z1 1 010 . 0 01 -o1



* ~ ~ ~ ~ ~ ~ C ., , -* ' N 0 . 0 4 C ,t k O W k ' O O 4 . ' O ' o ~ o

* ~ 0. C Pn~ -0 0 0. U '1W 'or C'

'o 0* ~ ~ ~ ~ ~ ~ ~ ~ 0 a w- g' N -' 0 -' 'c CC.cC~ '~k' .4 C. n4 %4

- -' - - -% -4 - - - - n. n n C) C! A. C )0C M00ac

r* IV

- c a) c.. C3 -c c c - CDcc C. 00 Cc 0 C00000000W

* , C C-- CC,, 00C C C o co coe'C C 0CC) 0_

. . .S' . . 4 .4 . . . . . . . .A N . .'fpi k t N . . . . . .~

C-0C )C C- 0 C c 0 CD 0' C C, Oc a0a000 00 )0a0

* . C Isii C, CI ISC :C!C C C-

m c 0c C 0CC)c C C ( C C C C a fllr C,= r

44%

*1-4 ~~~~c C> 00 wC 04 0 ' C0 0'Cocc c .

C M I D CDA 0

o - SC

C-

C" VMNt~ 00 'mc

a- -4' ~ ~ ~ ' '.4 .kJ o-. .- . 'r.%G N~ '/' N Ia-IC '.0 c 1.
.a~ ~~~~~~ NCrU., At eqNA r"N A.-.n 1% A N A,f m 'k

1%,-~ ~~~~ .0 *k 4* * * + *1*

C C' AlA N A C~r ~ r-, A k ~ n a~ a N~ r j N .
1 

n a n . C rn a o. C, ~ ..

.14% ~ ~ ~ ~ ~ ~ . .4 "% 
' 

' k N % N N- C W. n. CS C- %I o --- *10 ' '
2 %

'
4

-00'c' 10N co .. 0. kN
z' z ~ w, wl do 'Io an 00 m N 0 N N N N N NN

0I

k- '.lS e'', 4 - ' v I- %N 4 N ry-'a-v. l , I -,I -I



* - ~ C 0, A COc ^CDSO..2..~O~a. 0 '0Ca o

w 01. P-'o~.o 1- M-o' o--.'~r OOOSSC O.-'

n nnC Mc~ o . C~r.N4~ dC) n CtNCC nCDCD M n
w m ww ~ N.- N SsCJ -AAAAAA, - JAA A.SAo

* )- cc ~ ccC

c c C7 Cf0 cC C

* O C C & t C , ~ C , C %C C W r& w ,~

*-- O C NC C'N' NWC C! C r

Cr0C -l" C' C'.' ,fO~. L 
5

, A 2 .44 C"A r

t~~~ .-L IA.L.tf I . . . . .C AIrI

C7 C CCCC XC CC C-,OC 0 C C C C LAC- AC'CC C LC C

C:C N C C0 ~ ' C O NOA O ~ L

0. * 5 L L C ~ ~ L L L L OC C O 0 A L L ' , ' r

Sn n C c- r- c .N "A CC

* ~ ~ ~ ~ ~ ~ C I CC C ~ s- A A A A X O ~ X A C C A C C cL

* ~ 4 C C CCC C C ~ 'D CCC 'C CCC.

C) CD

0' - I'. - ICV C' - .CtC -SVLL'V 0 JNCC C ~
N 

c

C XC,

o ~ ~ ~ ~ 0 a- ; '' CtccC C C C 'd&J *-
'o C, - -- ---

C-, 0
* r-c~~~~~~~r C. QC Co." CC D XDoC< d . f .'o



o O O V ~mo ,&4 0,I# 0 #~

*~0 0c c ' 'TE 9c-

W -D

x J0.w Nw

* ..' ~ N NC 0 -0 Nc c C U0 N0 0 0 0 i iNNi 0 000 Ni

* C c c c~ n C: C;C C C; CCa
4

C! C'O0OCCCCOCCD.CC C:

* - C. C C C CC :C.- C! C Ca C: - ; C o C C Cl C i

M C: ... iLC C7CO D C O OC7 C: COOC OO

.JCU'i. C - 0C ..J .44.. c4lI c. Z..44.4c3.C.4C,4c4.40 Z.

r. OCT c .cQ0O ,cC - r L ,c N C

acia~ ~~~~ C- CCC) C CCC 0 O~ N C 0

a 1111 a NZ 0.,C Z .

- ci .:L0L

NN.N1- N-

II I4 a,- ,N :

0 0 00pV

N A~CCC .r4 NNN N 0003aC'-0C N"'~ W

4.. I.-' 0 CCC

14 r

H ~ ~~~~~~~ -i - --- -JiNt-CNNNapC 0i.-UN- r NCN

a ~ ~ ~ ~ ~ M 'o r 0.0 1>O a)rii44l.*tiN 44NU II CI

4 ~ ~ ~ ~ ~ ~ ~ ~ ~ G 'DNJN N NN N I mNNN N NN N NSJ . N (



C ~ ~ ~ ~ ~ .0 0. '07..~. htr-4 -I .aI V N0- C 40C C)

) al 
a 

I

m Cc c; C

C, CC CC C C7 C C; 7C* c0C! C7C; C z

*~~~~~~ aa 04 C;V It.ru ~ 4lr ' c'

* ~ ~ ~ ~ ~ ~ ~ 1 1 0.4.4S' '4444. ' . -. -c Cf~lttl- '- c

a~~~~~~ - - -C - -. '' '. a .- a- -i- - -4 - - a. - '- - a V.4 -

L - C C C- C- C C C C C0C: C' C C CZ 0

I I 'L . C OCC C ' C 'Z:. 'C0

* *.---- -4 - 4'-.tV -I r D- a.--i.N c- 0-.C.'1

C, . 4J

44

0 0 -

- - - - - --. - -- I a C O - - - - - -- .

SC 5U.4'rS C 2 0 C.4I1C4 C '4

. . . -. ' . . . . . . . .. . . .. .C' . ' 1 . VS++c

00 a)

----- - - - - - - C C- - - - C -' - - C C - - - C -C

W 00 14C 72. U'4' CCC '0U''DOCCW Wc
VD 0 ID . IL --. .,. . a ,

-' -" -' --. ~-v'~- -4 a'- -r' --. C CD 0

-C 0
r CC0C0 M X 3O0 3CI X X W s'4cM a- t, XN z2

a-, .e++ +,, , + + . .. . . . . . . .



n C)h C.N~'. C- C)00 )0 )CC flr) nc0C)C
* t a r)c 0c DC

I 0 . I I

* hICI C.C.C -CCDCOOOCOOOOC~COOCC

2 2 -Q - -' -' -nc c o c -C C C NN-N

C C, C CC cC-C c CO O C O C

o~ r CC. fl f Cc r~. thNNNi "~h'. iVJC C

Or C- C- cc

r c h .- I cn C, h Sh C.is C-,

c c c- C- cr i 0. hrh..'.'r cr. hi, 0i c i>h'h .C cC

C) C) cv CC. C.SCC. C C C)C CDC C C

* ~~- rrcc 0* 0c 'CC.C CD C

4CC,

Cr+ a

0' o' aoh

hi 'o

)4) Chr 
4.)

= U. 'C. 0''' C N N N C .C N C U N,.N '-N N N.-

-h- --- - -

hrC~~' fl .. .



* CU.' )-~N N N- N-

C* CU IsC IC ;C

. .O .f . . . . . . . . . . . .'h

t ~ ~ ~ ~ ~ ~ ~ r cc a -N N N C c cc 'C 'C)U cc U' 1c c; 0. 0' '0 0 .0 4)U

a~~~ -~ - - - - - - -OO -O- -CC-C-C-

0i C) C C- -.- - - -N-.- --

n a. 0C C, 0~- -lI r

(1 0a..CCC o'N C,0' 7).- 00 00.Ol.00N7)-4' 4a

c C.I,, I m I 4 I CD I C I I C

0 U. .> C C C..C ) c - C c- 0 n C, 0 , '0 c i4)--i

:J .:' .- -3 CrC 0C C.'C W. C CC )C O C C

17 0. a

-1c 
a0

.7C4 C

C) ~ ~ ~ I 1 .0'CC ' ' C(C 0 C:) In C Q '' C) C

.4 fl N,- C ,- -



o ao C' 1 4"

CC* CM' c-N c-.C) c-'NcrsN Nc- , - ~~ S r .' 0 ) n.C-NN.N, C C r

*, C, It

* C) C~ ~~~ C.&rd ,srC, c rrt f .i rr

C% 7 Si. C' C V CC C- C'C O 0 CDC CCCCOr;CCCTr.-.C-

rt. -. 7 C I i0 C . NC CC r_ N , C_ Ci C- : C C, C r C ,

-- DccC Z, f C
4 

O NN N N. ' c4.a

* C I CC CC. LC0 C.CCC.S'C CCC ZCIC c-.a

. . .- .ifh .' .t- ni. . . . . i. . + '.. . .4t4ii . . C~.c

o- c-c

-1c 7 C- c c-0c-c 7 c

IIv -c -C

iN0NN . N N Cr- 0,

L : ' Cs'r,- -- C

c,2-..' or.

0 , S .1 0. Ct 0'j 0 C: A' 0, C, Vic i

00~ ~~~~~ z~C. z'' N , NN'N.

.i. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~c NNIX .N 7 N NN V.Nt i 4V IAAA~'I~.h9l

/.C



* - cU C4 cc0 C C - C N 0 CnC NC( inC NnON C) i CtU'O' itiwC N

*qC

*c - "4 Ci, *c (c c 4-C 02 C 0' a' c (C "0 0 00 0' - .(

U, CN:

0 0 C- C.~ tiC..i i-N ct'. C.40

C - -0 0 C C. N r 0' -.-C: c I- C -C. c cN 4U N.i'SO0 5(C CC

C, C-, c c- - c- C'i c~i N N N N -

.iC .- .. . ...

CC ~ "CC c ".4=7 , C CC rCr. ci C -N C N.

4- i-~C C .Z- r- zc c~ C U ? . < C c r

* ~ ~ ~ ~ C r. -''='r'. C- C. CCA C i AA

C c.r-'-Dc CC-,CC- .7? Z ''C:i

c-si-ccC' c-c 'y .C C, Cit.C cC Z

0* 14 :4- A 7

c x ic ai- k c 0 C
x C. AX c c a

C~~ m" . nC' m' a cC a5 C nCC C C N N' N.C C C



C) C 0- 0. ON40 ,7 ~ 0 p ~ p N C0- 40W.*0.O t)
* fl. 0a :~ -c a Pt, on ol 0, P > 0 0 m a' w 'o 0 'U t

z ID 00 0' N 1 ,- 0 ND 0' W-a . C ' 0 7 VI :C p0 0~ C' W' 0' 0. - C. *a

f 0 C C e0N :

co I.. Cii n C C )C000)C nC)n C) C) c C 00C3 C 0C0,C) ) ' CDm 0 c c

c n I- c'a 0 0 0 4 c' 0 a m Q a d D' 0

W1 U. 0 01~P ~~ p p0t 477

C C' Q. .C34-'a Mac 'o.C0

C'~ ~~~~~~~~ r.' C4 M, Nt o07 'N a 0CN 00 0 t 0 7 0-CC N

C~ - -'4 -- - - - -

* ~ ~ ~ ----- - - --OC i C )O ) ) ) C C) ) 0 C L V -

*~~~~ - -- - -. - -. N - .- N C NN E .- -. -N~ -.

c C- 3QLI C C. C)C .00 0 zC3 0 '.C...c-...C.C

.Ce-

C, . . . .P t ' .. . . . . . . .I.

00

C, 4 0.

IL, ~ ~ N 'C(QO C' .. (4444..NN4'a~'. r''V '4 r- M -N-
.1 - ^ 0

K, r W I

E-4 Aft



0 4- C'ECNCO .O.Sr - a Op Omf N .- fljO 4C7pC O r

* OW 7i*.,7,i I .- O ,I.- .- - I I I I - -- I -

'0 0;;. 'c C)C ) 0)CCC C C M C 'c '0 C0 C ) )CC ) )

a 0 1 . I- C C C'

- IIIICOC Ci, N N)MN N ,

C C IO,

i..0 - C ' C 7 4 2 C -7')7) - - -) -' - - - -7 - - -C - -. '- -C - 7-

a.., aLN -. 7)7 7'7) 47 7) )7cJ3- NNc 7)7)7)N) c 1 S4

N>O c r C. i.t. ! i i Cr r 7 c

c-C -)0c ,C

* ~~~~~~ - -N7.7 7 -.. 7- --C C C C - C C- - C C - - C- -

,,,J

'4) C , C , C C 1t ' C C C 7 - -

* Ci ~ ~ ~ ~ - n cI C: C'C' 0i CC 4 P C rt.C t 4 4

SZ' C= C 1 C

, . CC: C.- C' I -CCDC- SC0

+ .)-C .N-i . . . . . . . . .it . .

0 -0

74 Z7

cocO c r40 c- IT-, D) -7-N DO C

w4 30 w))' 000 , 0 aa



* *'U. ~ a-,.~ NN .0NU NC)

* a- c n! C C C- C)( CDCC CD O CC O C 0 0 n

'o6 ,...C1 C N'N

CL.', C,.C- flCt C, 1

C (- a-a-a C a- a- a- - C d v - a- C- , - a CO C C M .C - a- C -C , C - a-a

C; ..- , co- p.-.. C - .r- a-fl. :1 C C ;C;C. C

a C C :C C.2C C:-a- C.-C cao- aaCC - -Ca-C C CC.C

N- C. ci N.C

0 c c. n C a- cCD (2 C) 0 C C C C 0 C) C C m a- n c

- - -N,- - - --- -~ - -C - - - - - - -0 - - -. - - - - - -- -

*~~~~ a . c C C C Cc. -c.2 c c~cCcac C .CC C C
* 0 Li a. C.C C C. C.C N a-N a -a C N atC C0- t C a- c. 0 S S

E- Z- C.C2 Z, CC C) C CCC C CCC CC CC

.a .i --- .2 . -- a-. ... - .4-. .a+- + + .- a. . .0 . a. . .

a-c zr -w or P. 0 c C co

L- rn l - C, 0 c C- ) a" a , a, 0 pp C n C c- c pc-
2- a, C,

m-c .af-aW-. a-,-a0.0C.o0-C0 CCfC>an OCC.0 00iM

01 N a a 0 C3 ~ w C)l PI PI 4,p i

C ' I L,

4.0 C~ 110

a- .20 7 1 ~ l 4 lrUo 0- 1,0W 0'

.0 C, )-

.2Co o C.aC MCC2 .~J wC2 C O M C aCW-.C.
24i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ D.a a- aWC-- -- , ~ -ac a C ~ - C -

a ~ ~~~~~ *-at 4, 4 +, , 4 ** 4

a aa- O.0l ,c- C).-a2va..,.0N01a a---uI..-a



-aC a'Nt CD 10OC CJC Nr-O - C'Q C Qca N

* On-c. - .-.-.-

* ,C lC C)C)CL,.nm ( -C3 ) C-C cn C O C C CO ln bn mn nCDc.U,

crc. ~ ~ ~ ~ C .. c' Cr a, cc ac c a-c r rc c a ' c .C--c CC C

cc,-. ~ ~ ~ ~ ~ C 'Ao CtA C. r s'.' Ca Dir A' A C.C Cr ' ru. C C CC C.

.C .- . . . . . ..n-.--,. ...-- - ..

4~~~CL~~ --S C N C ~ f - ----: - -~%N C C V vr- N

z. .c -CS C ' c Z: z C CrtC- -0 0C CACO'A'cA'cAU-cW

4C1.. --c - --'- - - -.r-c-..c- -a - --

* U - C C 4 -CLC- c C C C. a C C> C C' a - C C C

* V V C C -. C V C C 7 C, C. CCC ?CC C*(4C CCCC

* " 3* 2C, C .4 .

u - C 24 C 0C 7 7 2 C oC Cl C- Cc C, C 'U(yC C C

-d~~~~~ .. .- .C C .CC C.C.2C.CCC CCC . . . . . .

-W - -

C, CC Z )0 D 0 C

*0. -ood4 0 . -I

- - I C C CC C C -CC' 2



4D W) 0C C-.' M M C)'0 f CD O C~ .4va-'a:-C~WD

*Z -C -

n~ 'o N a f O J n JNN

CcCI C.cn c C D

t~~~~ .a .. N . ni% .N P . . .,.

cu C. C-) N C :. C Cc C C C CCC

CC7C
aCiaeLC nCCCC- O CO-C CO-D -

c I If In P I. I I

c0C c aCC C~ C C C CIf, c CC oC c InC.

a- c c-n.-

C)D - c- - C-.'C' C

*+ .. .eC C . . . . . .. . +
- W*i-** +*I Ci lae-a~-l r'lVl(l ...- CN r442,*.,N

-. Pnfl

Z: Z : zZ

0) o c. 3 - - c

eS' ~ ~ ~ ~ I c, a. a. 0rr~ C n a ~ V ~ f V . C V V (Lt a.0. a.e-

,0 a, CD 0* 'o .* **), o * n w, a ac
0 ~ ~~ ~ 'o <'00 0.0 0 C . .T n.0 ' 4o .04 IO '.a 'o

n o w 
Ad&0- ~ C C C C O C O C C O ' 0



* I-' WO 'OC''O 1.-,'-aNa. a'. Cairn mra' I'IOM,1 I

w C c 0C ra-Cne nOa- n. c.- N'-0~ m N -m4. C3O n 7 nn

m n ,C7 , C 0 tr

* ~ ~ ~ ~ I M, L.tV -C assssCrcc ,t M At cOfC It (1 It NCl, 

* .- ' C C c- - - co o C - - C c -?C C C C C : 0 0 z C 'I'

* C C. - C .l .t .i Ci C C C- C- IN NC'N N ,N 'N N ,N . C,.CaCaLiN ,

. .0. .N .'. N . . .' ' -a ' 'a sa na a -a -a sa sa -a -

0' ~~. C a-a-a-a -_ C' C! aC C C C C C CCCiaCc~C
C , c c;a a-o '4CCas a-:. l-,.,OCNV.', c aIa'- C'

c'-C' -, ca --- C c C.C' .Ocas c'CC'C. a' C, asi C- 1

L a C, CD C. a-t a ci c 0 C, C Ct C c C C C C' cz C' c. CC CC

41 CU c C' UCCC C LN-aN..N.ND ,

-L - C - - -i - i C N N N .- - . . .-i -i -i -. -i -i -i -i -C

* Ci..C C CCC:C CCC DCO 'CCCCCCC Z CCr C-.C'2

* ~ ~ ~ c C C'C C CC c C. C CC'C CCCCC cCC) C' C( C

*~~~~~~ -'C -44-4. - -4 -4C C-. - -,~ 'C r - 2 CN-, Ni

C ~ ~ ~ ~ ~ ~ ~ tr i. ZD CC C C C a- " VaCO i a-ia -- C c-CCi

E Cl C)C

cm' CL

cJ CU M- 0 DWr

10 00 --- - - - - NN ,- -- -- ---

ot tc

oI It r

'-C 0c 4



C* -0 -3 ?- 
)r

CO M - N - o. o xM M ' cc cc~ o o o o CC C c:CC

o )o C U' L: U' N 0 a, c N, N N N 'N N N N N N

at- U' Q CC-1 c C-c C C O C O CC C O C

ec ' - CD -- C cc

c - 'U C N- c c C! Mt .cr- 0 C -0 ' U' c ' C 4. L, C- C C C 0 N N- a

C: *C0C UC-C- C 0cc cc0 C C CULC C)CO'cC c cC;COC C!. CUc

c C Z, C' C:)C, C C C C r U' c 0 c z--cCUC 0 c C C 4-1C

*~~ ~~ 2. -zN C- 0 cC x , 'nK U O 'r N N c 0NN NN

=1 CC C, 0 C- C: Q, 0 0 0 C C DC 0 C C c n - C o

*I .C 0 CCo 00' QC CC C 0 0CC C. C zC C

c '1 3 -~ n'C 0 c C C C) a c a 0 - 0 CD c'U C, LC C)c-0C C .

04 C

C7 al c cD

-0 -C 3-Z.?(2 C

N ~~~ +++ +lfffI.~C lr~~ffl.fe,,l-rr- -

-I. (1" 111 C ) ,(,

- - C C 2 CCrC 0 0 0 C 0 C C C CCZC C

4-4 M 0

10 '0
n1.4C el

'CC- C)



00 40 . rIUO~. 0. '3C o n

rI 0l C) c AI

CD 1.) 0.I a,'I '

or OC ~ CC C C CC O .

ft
7 .

'Li l ( 00C OOD .C.O.O.O.C.U'.O.C.'.'.'.
oa ~ ~ ~ ~ ~ ~ ~ ~ C C: C' U'.U''U0'.UUUUUUf .4CCN
Li ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ C 0. C- ct 0.. C.' C -UO ~.0UUU.U''N C'C'O

ft ~ ~ - - -- - - I4 ----------- NU ' 'U NU ' 'N NNU U 4~.. NN

~~~~~C C l-U tN 0. )N N NN N0 3 U' -D C- C-- c' c c' C C, c4

-tZ C- 4 - A: N, C) I' I-- L i 0 .'rC C

*~~~~~ ~~~~~~ +. OC U''UU' I,.'C 'tUUUUUUUUUJUUUU C
*~~ C_,CN N~' O 

0 0 0 0 0 
. O 0 O N

* ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~C C i-U-'7'NNNNNNNNNN

*I z- 2. n-p7 Z.

* ~ I na C . C i C O CCDCC CC OCCnCC C, n c2

3 C.

Ci.. ~ ~ ~ ~ ~ ~ ' . C ' '' ''' N N N N NN~ C 00 0 C:

7 IIIAm



a 'o -o .0.N LAO'.

*- 0 C , C, 0 LA '4 CV' CD -- C)C D 0 0 -OD (D .7 4%= C. C) C% 0' r) c n

ta

*~~ C

c: : *C t..u cc:ccrcc ,Cr:CcA CCC C:CC:O fCC O 2C C

*x 11 C aa '" n~C.O O CZ C fC-1C ICI C C00LALALALALA
0000

.7 A' flC 4 4 4 4 . 4 L'. C, a' LA a N c-. N

C-a' lC C, C, LA -_'C_-ZV''C LA A A A A A~ CD c 00LcLcICL I A0c

-C - -U V N N N N % I - -.- N-N-N-LA-L-L-N-N-N

C- C. "D c% -% N ' - - -LL 4% % ' - % - A - 0 IC .t c

0 
Zr-

(2 N. .' .444444 - AI ' tN AI . +.'.L
u C>I .I . . .I .I

D I T .0 'o c c CI n 0

a~ *n CC C CC C C T0 0 +v . TO C C O C C C. ? 0

+I I + +I + +

* a II II I I I Igi l 1 1 I

z z, Z!'r.CCC~-I,''nr,'-rr C.rr.. z z 2 0'

LU . C 2- 'C'C ' 'C'C L 'C ' oU C' CL C LA0 '0 2 D 'C ' '0 .4C C C



* r-. zco .o ~ 'C 0-s 0-0 .C0-C' -s.C.

;o 0 C- -C0

Cn~~c~ ) 0 0 .. h rClr(V

0 C3 C C C CCC C C ~ ~ ~ ~ ~ n n) tnC)ntc t CD)

o~~~~~~ -C Ca I Icococ-;C -.MC- -..J C -aO-

. .. . . . .. .MC CCM M. .C 3sJ C CC C' ..J ...

C-c,0 ca . ;0 C- CC; CCC CC'a, a, t~ n CD tt C7C* , C; t

C* CCC 1 C ! COCODC CCOOC C C. CC1 C 0C C C

C 10 0D C C -C

CC C-C- C C C CD O C . L C:
CC)

a- C, V C cC 'a-a ,a Ct ,a a t4 ,a

C, 0C C CC5 -C,----C

ZC z

C- X c'C- --C -:-0 O-a-, -I

M 3C C', 11 a, 1CS 2aM M' -

CO CCC r CCO45Ca- Xt~a~aI CCn C 00 C

00~~~ CX C- CC CO..a N0 Cl CZC N )~,N O aC C

- o 'o C 2 C C C. M 3 M C C C C C C C C . .- --- -

*~~~~~~ C. 0--~~,~ -~n Ctn 4 CCf~Ct~- -Crc



AD-A173 512 N o&Ln otsN

SUNCL*SSIF!ED .AG6 F/G 03/2 MI.



Lul 132 12W
36

2.0

Q125 1UU1. 1LL.6.

M ICROCOPY RESOLU fION ES T C VtPR l

No iONAL BURLAU (IF SIANDA O S 1963 A



c -0 V.. NC- a

*~ 4 0 -

t~ct

a.~~ CNJ 0C 'c c o r

O C CC- C- CC Z7%.. o.N C. C) M' : C' C) CN C. C- C -

OX.-CcDcc-w oc c, C C."a.c d n--uv~4C ~ suC,-Ci-

~~c oc c C c C ccC a D L CC ZC-

* ~ ~~~~~ .. .-.-- . .'C~ C c 0 . . . . . ...

* ~ ~ ~ ~ ~ . .. .-C 2 ' N . a N NJ . N.. . .32. . N. N.N.

c, c, o 3I I I wl l II . I I c-

zC c- (D c "o o

-. . . . . ... .4LC .

'-.2 C 4.3 -7r - , - c

®r ''0 oc
Wl 0,.40

C- ,~N N~,0C4'. k7C f) CCj! C,..-

C4l

IV 0r'0 "nr o 'C
'o~~~~ NI-.' ' ' ' ' '

'o2 ' a 'o' o ''



* CD C 

aC _c ;C CDC CC. OC 2 0000C C 'C D0 -C' 020 cc0 .C CC

~~- - - -- -N-- -N -.. -NNNV(- - - - - -

a aC C: L, .sC- C V ND 0 C) CD C!C, C - '0 N'NC - C -. N- LClA- C

C* C CtC - sc ct C_ r tC - - - C ICtAC C CLOC J tli

* C-, N .4 . r , a, < C: C-flrfnpcpuP c tA ~r ,.-

*00

'ra~ ~~~~~ cr ~ c C ~ L C C CC C w C C0 C

C ~ ~ ~ ~ ' SD CC 0CC 'v ~ C C C CC C C C ~ ~

Z- C" a-a

-~ - -- - - -

0 -~~C .- -- ) CDC C C CO C C CCC C C c0 -C--'C

"7 -C '01 C :,, , , , '

- --

C~ 1. 1 -~.

'-S m~
0-CW( aC n~- o.C Cn xc C a C a n n

.0 C
F-i. 0,2 0D C C C CL 0, 2-

.n: 4i4 0 -,-'0 r. -CC -0 'o '



* w CC r

* Wii. ocoooc-r~oC CCCOCCCi~ici cC) O C '

m -Q 0' m2 or w- w m, wi 0* rl oo O' 02 doi m2 0 c a- 0 m' or m 0, m, m.0

0c Ci.N. .CC C C 0 CC~t C CiO r. .-- i it'C C t

C ' A , -C 0 C C N' C ' ,'0N". ' C)N NitN C' M CD C' - C A.. - A

C - -C C0C 0i ittiCtiitttt l iC C CC0C CC CCM'.C-C CCL C

-- - -~ -. - - -t -C -. -t -t - - A, a- - - a-N N N N N N N N -- --

* ., - cCCC 'C 0c- C c0 C ittPi D ~ cC - z- A l A, N , A c A

C ~ LC C:' C .1 71C: C

F Z- C c c CCO O CCC C CC C .C.C c c .cc 2CiCCC7 - -

0>-",

C . , " . '-

OkD IL. c -u

n:I 2- -

o 0o

C
7

, ~ ~ ~ ~ ~ a c,0 o!' NPI--iNiNA

IV W



C Cl CD NEN Eit.p 0 n C Ci nE a C3 E 0 C3 0 nE N ON C! 0 0 ' .0 0

*' ai

*4 C: 0 C,~~r E r iC, iii''t't0 0
z 0D - it Ia It it' it W. 4 4 - '- -0 - -. N 4 4 4 4 4 4

c-C)c ) , - -

a ~ ~ ~ ~ ~ ~ ~ wW c C - C~ Cttaw.aiu.~tt.a~C E't'tslt~~r CCC

C, .,- C NN, N4WN! -NC C !- C C C:C ;C* ;C 94t0 4N; -N.0 4NC:

7 C Z-- c C- C-p c c'. "'D N C . tt7N N CDft .t E7.3i. C.. .7 ..V tC '

*~ iC C as- L~t ~t mtt aiN i C C C ~CC C ~C
Z, -' cr c-. - a t c- CPPt- .Nr.N . - C-C C NCi

* .c -
'Z aL- c~C C r C C DCCrC C' 0 Cr C? C C- CC-rC CC

Sa C C- rC t t C- .C C C C.0 CD CD C. t t EL rC CC C C

* C.3r.tX.t"CC .CC rC'~r0~.-N .0C~r0CO.OC'N
.. iEL4.4.4.4~~~4.4.4.4...C 44 4 4 4 N - ' . 4 4 .4 . ,

.LO . ....

lzaa

Li S' 3 N N N - It' i t t t' i ' V t i Cr, . 0 0 NE N ' £ C N N .

C', 
CS

C - i. i~t''i*''2~~Cr~ J~CCCr .C C~itit C. CCC-1-~

o IN~~ NNNN.-.--it-r444 O4~n .N N -0CtiiUiN .



c- I

C C~ cP CN coN- -aN c C CD (7 (D C- p-LA
. w

*~~~~~~~~~ - - --- -a -' -Lu --. -l- -CC-OAC - - - Ci'l

C, c CcC'~

. . . .4- . . ' .5- . 4 .- - A i N A~ .A . . .'

CC2 Cr L L C CD, C C' L C 2 A1a )C C )C s r L )C a -

0A 1Q C, rA - C4 Ca 0 -aCIf 0 , N0 C cCD x0N cN~f

* ~ ~ ~ c 1 a'C i CC Cci Lr ,L0 CCC CT-C cC 1 C)
* ~~~~24 CC N . N "X C--- CAa C' L c.e a-c a

* 0)~~~~~~ 0.i-L 0L' Cr C CC C C)CCC CC C )C C ))

C' C. N .0 -0 2 0 XNL )C C C C 0) 0- C - LA Ci 0Aa
.Jii ~ ~ ~ ' Lo -J'P --- --- -4~p -4 Pt4. -.- L .i - - -3--i-,'

U- C-C4

ca)

444

-0,C C rC, rC 2c)C'c c c cOL ,,C --c ) c- C c CC C 0

r-4 0 $

0i 0-(

C c- C C C C C C C C CrC)C) c C-4
413

+*f* +4 i 4 i 4 4 + +, * t

0 CL a)- .

o 4 a 4.

-w 00 4

* ~ ~ ~ ~ ~ ~ ~ 0 a LLCi 0V~ O i.rC LCLC))ALCL 'LCC, 41 a

a-ohm



C 'CI m Of4- C a0wC o0 , c 3 10a0 c c.,c* c C)CNN n O'Vb". 40' wO a D - ( )w00
* ~ OCN~'N.,~ O~N~.4CO C~.. ~ .- C~,0-

* w a J. .rw. N ' n' C 2 N tr C C S C *C N . . e C 4 - . C . r
*e wti) mrA b'W w T~4j~ m.t"W.0t

C- C C .C-'C'CC C. CCC C' CC)C)C'0 00 cCc : C C c C UnrrCr,,nO n n n UnAc cU t c4 fl7,. C i.c

o)C CDL C. ZC C' C L C'cC 7:o'A.'CN C L: C' CCfl C~ ' z C -.-

*~ c- c N.C CC C c O CC O O O O ' ' ~ C ( c 77)O CCc ,

C 7 r . - C C C 00 C C C )CC

'-- c- -N -J c

r .''. .. .. . -.. . . .

I-I

7 Z:

m- 3G 1- x -o a . -3 " CCC. .2 . cC -- ' . - -



0 M

* CC-

* C .. Ia '. . - r a c N oC N C • •' . -, -, •' .4 .4 ... ,. p. • a. a

LL

0 c2 C -

a ~: .~-Cc ¢-tf --n-_'- C - .c cra r-uC.t Lt...n o1- -

•~1 1. 1 1 12 C• z I- • c, 1; 0! • 1- • ••;••

C' 4 • N' C N a • N N N N N N . % N • • .C N NN CN NNN N

< 0 w. Z .

| • , i 10 i I : i i c :, C. o i i

I..

-~~~~ ~~~~~~- - --+ -- -, -- - -, - - - - I' . + + ,

. . . . . . .. . . . . .... 'I . . . .. . . . . . 0. ' : I "b' v" ' --P" -' W - - - '- - N2".. - -

.. . . . . . ....... ...... --. ,.,,-o.... ...... "

... ..CC. ... . .. I C C DO_ lC

C C .C C) C C C C' ',:CDC C";C-OCCCC C

C" C C C.C CCC CC ? CC)C C- CC C C C) C7

a' ? ' . 3. 0'.0C C ; 4 ' i D 0 CN C . Ca Z4 I C ~

*~ . . . . . . .i . . .s .s . +I 4 + + +

c- c' C: C' c- C C f .- C ( C) C) C'C S C , S CC.

c C c

C~~ CC' ,C CC CC .C aCC c C' C

04 C)

oo 0



*~~~ 0" n4fCC~ac Q- Cc0 C- - -
*~~0 ra O.&n.U a.'Crc)cU

n Cc nU

*~C C-- C) CU) C'~m c-Cocras-CC-CCCCOCCCCC
*~~C C-) UNUt as- Cas as-a Ca 0UC . -r C C C CC Cn

c-c&

*c .7 -2 C- c7 c N .-

* - < > 22 C; 2S<7C c C C CCC

C7 c: Ccc' 1CC CC- C CC CC! C' C C , 2*

p -C c c C. CL CCC N C C..C z C CZ c

- . .' C. . O . . .. . ~. CCD i @ r O a. U ~ & - S

iA C- c.. as'. C, s. O C C j c C- 0 c

o- CC-

C C

C: aa

N' A.. c c{' Z-

cv - -

- + ,.c4 + + . . . .

,D c C

CC

Is -vN~N~ U U .4 Z4 .4U 41 - Z 'DC .- at't



* 0 C,'

-- -C -- -- - - - - - - -- -

C, C.C C C Ci C C C C C C: C C: C C C- -: C: C : C C .- -

-~ ~ ~ - -, -.'- -r -IA -A- I - - - - - - - - -

1-4

C'~~~~~~ CC CCC cC 7C C C C D OC C C ' C C cN '1

$4-

7----. C,-- CD C 7 Cs

I4

0

4

* C ~~~~~~~C C 
7

) C -CC "C ' CC C , c C " CC C "I'' C.C C C ' C

L C4
.-. 0

c- Q) - u

W-4-

-~~~ ~~ - - ICC ,~C.C ~ Q C C C' >1C

N~~~~~ .M .NNI .NN .- N~ t.. .4 . .

c0

+ +. . ....
-- - --- ---- - - -C C 7 -C C C -C ' C -) 0

-- 27 ZZ ;7Z ;7',C CCZ' C 7 '2ZCco'

- ~ ~ ~ ~~~~~~ .I N N -N rNI. NN NN N, ' 4 0W

u 00 -u

0~~ W U

- C CC CC' CC 07- CCdo,&I'



u r.1 i- 1 CA .-- r. i i r Or-?i -o'i Tij- -r, f-.

Lij

tc4 oo cj C'o ricc o4'CC C)'CCCC Crn c) occ,
H -4 ~ i -43V D 4 r-- - (N'"14 'C" -

oi 0: ?C 'C'C ?C 0 C 'C C, C0 0' C 0 ) 0' cD 0 0 c? c' c' C

_0 0 iC, 0 00 c, 0 0 0000 0 0 0 0 c:)C> C,
LLI

WL 'I 0 C'- C. c' 'C 0 0 C C 0 0 0 0 ' c. C' C', 00 0 0 C ?1 0' <D C

UJ Lf 0 -) u-)C n r'- C C' Lf Cj C?)L-
Q) I -f- 4-1 --- -.- 4- 4- -4- -4- + 4

C ~ 'o~t-r~f- ~ -- rl 1  r" .4 C
Cc j C4 cj c; r. ' rn i rl ) r' i I I

0

CLc
C~C'C'OC0C''CCC? 0

ca 0

- C

U-
o-CaC) ), ,0 i -o ,o .D-D - o p ,C,0 r , .
r, LiN f ,rr r ,r -,r.N rr lrrN N r

w- - I.-f lI0 L1 u u1 L) I Li u i uL) uii

-4 -4 -4 ii i ri i rj ilr rAl n

ED 1- .

LId

-Abu& ~ ot~o



0cC 0Q0000 00000 000~ o00 IO- T0000c, )

-4 -4 -4r-Co04- -

c' 0 0 0 00c 0 0D0 0, 0 0 0 0 0 0 0 0 0 0 0 0 0 0

j.)

C

H O000 0 0 0 0

L-) ++' t +- T4 + -

-o -

7:3 0

40 F- 0000 0 00 00 000 000000 0 00oo0"
4-j LEj COIU O OtflbW)flO)o cf flOO fl I -iO iCQ

-4-4 4++ -++++++ -+-4-- 4 + -f.+-+4-+ -
5, -1r c-'i Ju cCCj ,IrJiC- - U- U-bUifvi -CN I.N N Wco. O0

C~e

U)

0 00000C >0C

I-. M N M IP I r I i. N I I o -4 rq N w o

CL

co -------
cc - . . . . . . . -

I > > =I :> I> I :>II I I I I I I

X4

ANNE*r~J~ICn ~~ n.C~t----1bbkb



0 DOu- 0 0CC) o0c 0 0 0 CD."00.,000 00 0 000

D OC 000 C00000 0C00 oooooooo 000

-- 4

0L m

0-

CD

Ur)

-~ 0 I I I Ii II I I

xJ .- ul0u lo-0-0o-oo- 0oNN NNNNr
r4 rir 4r - 4c4c lc-Jc ~ -jr - , 4r- jc 4rjcic. jr

o r : 44 3 4I X X 43 a4 M C000400M00M00M00M00 IQ

C 0

LO-P

:> > : :

Am&Ag



~Z c~C-0 C,000 c- 00Q 000 o~c)000

i i T o, q O c-J~0 -) o (, CJ CO 0Mo r- UU) M C C 0 ,C - T M7

Lr,

L rj

HLrl

0>

00

a) L L.

0 C 00 0 COa
4J -- H 0 0 0 0 0 0 000000 < C oo0 o0o0o

o c U) coo 000 -+-4--+ -0 000000 000000
u U 4-4 - -4- 0 -4 -CO4-- 444 4---------

co o oj ~ a- O0 0 00 W M r, - C . l 0D ojJ0<

0-

4o L

-o = 0

Ce

Li Ix Ix Ix ec r c I x X m IX wi ce cc: IeM x

-4 -4 -4 -4 -4ClCJN (.JC iC N rA -J r') c4 C-4 c-4 C r' I M M~

CL

w

C~~~ ~ .-4- .- .- .- .- .4 .4 .4 .--- . 4 m-4 - 1- I 4-4 ,4 114 1-4 141-4
ce" "- - - 4444~44- --4 "- "---44- "- "-4- 1-4 " "-



C 00 000 000o00 -. 00 000000 00 0 00c0

ZD

(.cl0000000 0 0 000 0 0. T 0 00 0 0-

IM-

Li -

L)

C

U)

.0 -

.0 0

.r-4 0

- W1 4-4 4 - -4

Ln 0

-4

E- )

CC

L)

u- N o,0 4- q- p o oo r~u)o mo -~

02)CO CO CO O CO O COD COD Go Co Co Co CO Co co Co OD Co Co CO W CO WO CO C CO

-4. 4 '-4 -4 -4 .4 -4 -4 N~ r4 r r4 r4 N ci c- F4 N-j

CL

w
(D -41 4--- 4- 4-----------4 " o4 -4 q 4 -- 4 -4 b-4 1-4
cl 0-41--4 4 " 4 4~ 4 p4 0I1 41 4 - 4 4 -4 -4-

< o = = >:

fI



1 - .4 ~4 ~ ~2,- ,4 .~ , .- 4 -4 -4 -4 -4 -4 -- 4-~ .

La -

L

0 000 00 0000 0000
I-Lilji W)LI0 - 0If U-)j 0 0U-) 0~ U)1 -- 4- -+- -4- -- -+- -- + - -+4- 4-4-

-2 li i I-4 -ii -44 ~ -4 4 1 1-44 -4 -

-~0

r-

-H 0 C 00
41..) c U 0000 4- 4 - 4- .i-f++ ++ ++ + +++ 

0 mI
Uo N + - 0 'o O Joo 1- . 4 - 4 4- WC o~cri A C

W N CO 00 M I I -4.44 -- 4-4 -4 -4 -4 44- 4 4 - 4-4 -4 -44 -4 -4

Lfi 0 U- 0

-4 CL

ca LI

4-

U) ooooooooooo

ODM0 00 O0 0MM 0I 0C O0 0C OCOO D0 0M0 0c

LI >1 111 111 11 211 11 1 1 ill >-> -> -> -> .> .> . .> .> .> .> .> ->

LU

.- -.'- .44- .- .4 .' .~ -4i p.4 0-4 CNC ' 4I(I
w >> :

in



o, O"0 0 0 0 ; . 00C00000 C 0W 0 000J~I~ 00 Li:: 00j1C*J

, M 00 'T C0 -4 O- 00 " o u- - a, m

U-- o N Tre,0 oo 00o o0a 00 0o0 o o
C 4 - -. - + '.- --- - -- -- - --- - 4

I..-

0 00 CC 0t 0 0 n 0 C 0 , 0 j 00 000 0 0. 0 -0 00, 0 0 M 0) 0- 0'1 0 0 0

.Z: 0 0000 0: 000O0000000000000 000 000
4.- OOO , 0 000000000000000 000 000

C. c, C-4 -s + 0i-N- ,,- + 4 C4-4-+-4 -4-4- C+ + 4 -

J m~J-e- m- m )mrjmmm

I--
0_ _ I 0000000000000000000 000000

C: I n r,00 00 Co- 1 l N0 - 0jC4m C0 0 0 v' -r 0 00

.1 ,-1 c" I ',.A C, I C.4 1 m m , vP. -T., qr -T 'T 'T U'" b" U- U- to' U) U-r'U

Cfl ~ ~ ~ ~ -- +444+- +. +-- -I " -44-4-4-4 - -4-+ 44-4 -4 -4

000000000000 00 0000

w u'

.,4 0 .0

-4

L

t= A -- -1 4fl 4- -4- -1-4-4--4- 4- -+-4- 4- 4 4- 4+ -4- 4-

-4 _4~ - C-.J4 -4 -. 4 -*J -J -4r~ 4 4 4 4 _4 4 _ 4 _4-

1--

a - 00000000000000000000004

ULO 000000000000000000000o
-4- f + -4-4 4+- -4- 4 - 4 -- -+- 4- - -+ - 4- 4+ - - - - -4-+
i- m r~J4 -4 4c. - r w -w J q444v44wwT-T rn
Nl N r N Nr-.rN r-lN l N N r N N N N

z

000000000000000000C>000000 000000

w zZZZZZZZZZZZZZZZzzxzzzzz~zZZZ

0- 14 - -4 #-4 f.4 P-4- . N N N N N N

IxP4...........
-a>= : o=

I-



Lfl

-- - -- - - - -- --- - - - --

ro

C.,. ~ ~ ~ ~ ~ C 0 .' 0C 'C 'C 0 0' 0'CC 'C 'C 0 0 C' ) 0 ' 0 - C' C' C C, 0 0 0 C 0 0

L'. .C 'C 'C 'C 'C 'C -'00 C 'CC 'C 'C 0 0 0C'' ' 0 0 C C ' 'C

-4 a 'f 'C 'C ' 'C 'C C 0 C' c' C' 00 000 0 0 0 0 0 C, 00 0 0 0 00 C-0'C '0 0 C' C'
e 0 -'0 , 0J ? 0~ 04 -0 " - 0 -O C4) -O 0 0 '0 0 C, -0 0 0 0 0 -0 0 -c -i '0 o -e 0'.- o- . o

"o 0 -r ----- --.- 4 ------- -4 + 4 --- + 4 + # 4 + f -4 4 --- 4 --- 4
(V L OU-r o r - r 0 0 C i4 ,0Na ' . ,X 0 l

0,ol oG of.' C CO (XI 00 a)00:) ON O' f-0D CC'C 0, OP, a,

r-1J.4r...- r 4- U

o CL

Lf4 cc -4 +-f-- 4 + -++ + -4 - 4 4- 44-4---4--4 -++ +C4++ + + +I-I+I

U)L

) 4 4 4 4I # 4 - -4-4- -4 -4 - 4- 1 -4 -1- -4 -- 4 -4 # -6-4 -. 4 .4- .- 4- -+- .~ CN I- P, I
I0 rjc. 4o o 6 -n 4c r- ,4n " 4r jc-

N' rl lNNNNNr l N-",NNN"Ir )NrlWU JU JU JL A

00 CC00000000000000000o C o0 o00

Lo 000000 000 000 000 0 O0)0000o00 om00 A
Ni 0C'40 0 0 C '-0 0-4 C-JM'C 'CCr- r r00-0C' -4C'000s 4 ' II' -* -Ii

D Nr, JCJ C0-N N JN N N N N N N N.-iNJC'JCJCCN l(J W LA W I--I I I i
u NN - N N N N N - T-.- NN'. -r-w w l

z ic lUt l fU

I o o ,o mvo ,o Nmvu cNwo o ,o r

Ix 000c iNNNr 4r f)M Mr)Mmr)r c W4

<r~~. -7 -4 -4-) -) -- 4 - -NI -NI -NI -NI -)J (I -NI (J -NI (J -) T M X M 4 '

w

wa

IAS-



I

C - i . 4.4.~--4 .4-4 4 . 4. 4 - 4 4 - 4 4.4.4

0 00J0000000O000OC0000O0000C4000000ooo000000

-4 -4 v- -4. -4. -1,. -. . -4 - 4-

,a0>-

u L

U') 4- 4+4- 4- - -4 -- -- 4- 4- 4-++ -+ 4- +-4-++-+4+

"-4

U) 4- 4-4 - -4 4 .4

HOOOOOOOoOOOOOOOOCOOOOOOOOOOOOOOOOOOO00

o i 4 + - 4---+4-+ 4-4 -++ +- 4- - 4-+-++--f-+--+-I

0 0

-44

OD OD 00 OD00O DW00 W0 0 00 0000 000 o000 0000 0000 DCOC O O0000MD00 c

-H 14 -4 -4++ +~, - -,-4 -4 r 4- I .+.-+ 4 - r4 r4-+4+4- +-fn4 + - -4-4- +4 N4N

-

w

.0000000000000000000000000000000000000

:, Z.00000 0000:000:000>0000000 000000
oo ++ + + + + + - -+ + 4 + + + + - 4- . - - - + +



APPENDIX C: PERFORMANCE OF BARGE HAUL. AND HYDRAULIC DREDGE OPERATIONS

Introduction

1. The performance of the barge haul and hydraulic dredge operation was

evaluated based on the accumulative production rate in cubic yards versus days

work. Further evaluation was made by diviang the effective time worked each

day into the number of cubic yards of dredged material dredged each day.

These values were then accumulated and plotted for each day of operation.

This type of plot provides a better evaluation of production by each dredge or

operation.

Barge haul operation

2. Accumulative cubic yards of dredged material versus days worked is

shown plotted in Figure C-I. Effective time worked for this operation was

not recorded. This plot shows all of the barge haul operation that was loaded

from draglines located on the bank and trom floating bucket dredges. This

plot indicates that the barge haul operation was slow getting started but neai

the end of this operation two land based draglines and one floating bucket

dredge made a considerable improvement in the amount of dredged naterial

hauled to Gaillard Island. The linear portion of the curve beginning at about

the 50th day represents the production rate of one dragline and one bucket

dredge. Prior to this time only one dragline was work ng on the bank. The

average production for the entire curve averaged about 9500 cu yd per day.

All of the barge haul operation consisted of landcut dredged material. The

total number of CIR records was 275 but there were only 237 days w rked during

this operation.

Jim Bean Dredge

3. Accumulative cubic yards ot dredged material versus days worked is

shown plotted in Figure C-2. The total cubic yards per day divided by the

effective time in the dredge worked each day is showni accumulated and plotted

versus the number of days worked in Figure C-3. The plot in Figure C-2 indi-

cates the production rate for the Jim Bean D1,edge averaged about 20,500 cubic

yards of dredged material per day. Figure C-3 indicates that the Jim Bean

dredge produced an average effective time production of 1277 cubic yards per

hour per day.

C1
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Dave Blackburn Dredge

4. Figure C-4 shows a plot of accumulative cubic yards of dredged miate-

rial versus days worked. Figure C-5 shows the total cubic yards of dredged

material divided by the effective time worked each day arid accumulated and

plotted versus days worked. During the early phases of the contract the

Dave Blackburn dredged primarily in the landcut portion of Theodore Ship Chan-

nel. Dredged material pumped these long distances from the landcut consisted

of about 50 percent sand and 50 percent clay and silt with large quantities of

clay bells forming in the dredge pipe. These materials were pumped at a pro-

duction rate of about 17,000 cubic yards per day. Dredged material pumped

from the Bay cut consisted of soft clays and silts with smaller amounts of

sand and the production rate was considerably higher at about 28,400 cubic

b yards per day. Figure C-5 indicates that the Dave Blackburn produced an

effective time production rate of about 1043 cubic yards per hour per day in

the landcut materials and about 1433 cubic yards per hour per day in the

bay-cut materials. The average production rate was about 1276 cubic yards per

hour per day for the entire project which was about the same production

indicated for the Jim Bean Dredge.

Lenel Bean Dredge

5. Figure C-6 shows a plot of the accumulative cubic yards of dredged

material plotted versus days worked for the dust pan dredge Lenel Bean. The

Lenel Bean dredged only the very soft baycut material in Theodore Ship Chan-

nel, where the pumping distances were always about the same; therefore, the

dredge production rate was very linear and did not vary much during the time

it spent in Theodore Ship Channel. The production rate for the Lenel Dredge

was about 39,000 cubic yards of dredged material per day. The effective time

production rate determined from Figure C-7 indicates that the Lenel was capa-

ble of pumping about 2800 cubic yards per hour per day.

Discussion

6. These production data indicate that the most productive dredge in

the very soft bay clays was the Lenel Bean dredge at 39,000 cubic yards per

day whereas the Dave Blackburn dredge averaged about 22,700 cubic yards per

day for the land-cut and bay-cut combined. VInis production was only slightly

better than the average production rate of the Jim Bean, 20,500 cubic yards

per day. The extra booster pumps for the Dave Blackburn contributed to its

better performance over the newer more powerful Jim Bean Dredge. Pumping

C2



distances and dredged material consistency and type had a considerable influ-

ence on the production rates of each dredge. The Jim Bean and Dave Blackburn

dredges averaged about the same effective time production rate of 1276 cubic

yards per hour per day but the Lenel Bean Dredge was over twice this amount

with about 2800 cubic yards per hour per day. Production rate of the barge

haul operation was about 9500 cubic yards per day which was second to the

Lenel Bean Dredge.
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APPENDIX D: GAILLARD DISPOSAL ISLAND CONTAINMENT DIKE END-OF-CONSTRUCTION
CROSS SECTIONS

1. This appendix includes a total of 45 end-of-construction survey

cross sections selected at various stations located along the dike alignment.

Figure DI shows the location of the cross sections and D2-D46 includes the

cross sections selected. Boring logs were plotted on dike cross sections that

were nearest to boring log station. Standard split spoon blow counts, Atter-

berg limits and water contents will be provided by the Mobile District in

their report review. (Per telephone conversation with Johnnie Taylor).
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APPENDIX E: GAILLARD DISPOSAL ISLAND POST-CONSTRUCTION CONTOURS

I. This appendix includes 10 of 11 contour maps that were prepared

after construction. The sixth contour map which included the center portion

of this disposal island was not included because the materials deposited in

this area were too flat and did not show much information. Figure El shows

the contour map locations and E2 through Eli show the contour maps prepared.

El
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APPENDIX F: GAILLARD DISPOSAL ISLAND SETTLEMENT DATA

1. This appendix includes chronological subsidence data from 12 settle-

ment monuments which can be located in Figure FI and plotted in Figures F2

through F13. These data were collected from settlement monuments installed

after construction was completed.
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APPENDIX G: LAND AND HYDROGRAPHIC SURVEYS FOR GAILLARD ISLAND AND
THEODORE SHIP CHANNEL

1. This appendix includes twelve land and hydrographic surveys of the

Gaillard Island dike and ship channel near the locations chosen for the in-

strumentation installation. Figures G1 through G6 show the twelve profile

plots of the dike shortly after construction and the most recent surveys

available.
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